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PKEFACE 



This book is primarily intended for the use of students of 
Motor Car Engineering ; but it is hoped that many engaged in 
this branch of Engineering science, including owners of cars, will 
derive some benefit from a perusal of this volume, which has been 
mainly written from the notes used by the Author in his lectures 
to Ordinary and Honours Grade Students at the Polytechnic 
School of Engineering, Regent Street, W. 

An attempt has been made to cover the Syllabus of the City 
and Guilds of London Institute in this subject, which, as may be 
seen from pages 404 to 407, is very extensive, but it is believed 
that nothing vital has been omitted excepting the Materials of 
Construction and the problem of Balancing, which belong 
properly speaking to Design, and have therefore been included 
in Volume II. of this work. 

The Automobile Engineer should have a good working know- 
ledge of thermodynamics, mechanics, chemistry, electricity and 
mathematics, in order that he may intelligently carry out his 
work. This is often difficult for him to obtain, and although the 
space available precludes an extensive study of these subjects, 
the hope is expressed that the information contained in this 
volume will materially assist him in understanding the principles 
of Motor Car construction. 

The Author is indebted, in several instances, to the descriptive 
matter contained in the booklets issued by the Manufacturers of 
certain Specialities, for the descriptions which appear in the 
text. 

The Author's best thanks are due to the Council of the 

258711 



viii PREFACE 

Institution of Automobile Engineers and to Dr. Watson, F.R.S., 
for their kind permission to insert the Tables of the Physical Pro- 
perties of Petrols given on pages 421 to 425 ; to Messrs. Longmans 
& Co., and Mr. Archibald Sharp, Wh. Sc, B.Sc, A.M. Inst. C.E., 
for permission to use the ratios of excess energy given on page 
219 ; to Messrs. Macmillan, for allowing him to include the 
Table of Logarithms on pages 427 to 430, to the various 
Firms who have loaned him electros of illustrations against 
which their names appear in the text, and to the Automobile 
Press. 

He must also acknowledge his indebtedness to his friend and 
colleague, Mr. Thos. Wadhams, Wh. Ex., for his assistance in 
reading through several chapters in this work and in checking 

j over many of the numerical examples distributed in the text. 

i The examination papers set at the examinations held by the 

» City and Guilds of London Institute in Motor Car Engineering 

have been inserted at the end of the book. 

The reader will doubtless find it an advantage to omit the 
Articles marked with an asterisk on first reading. 

\ The Author will be grateful for any suggestions or for an} T 

corrections that may be made. 

! A. G. C. 
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MOTOR CAR ENGINEERING 



CHAPTER I 

INTRODUCTION 

1. The position held by the automobile industry at the present 
time is remarkable, not only on account of its rapid attainment 
and the magnitude which its operations have assumed, but also 
by reason of the degree of mechanical perfection to which the 
modern car has been raised. Prior to the advent of the petrol 
car in this country, there had been self-propelled carriages using 
steam and electricity as the motive agents, but on account of the 
dirtiness of the former and the high cost and low efficiency of the 
latter, they had had no extensive use. That such a means of 
transit was desirable was felt not only in England but also on the 
Continent, where engines working on the Otto cycle had been 
largely developed, so it was not unnatural that the first step in 
the application of the internal combustion engine to road vehicles 
should have been taken abroad. But engineers in this country 
were not long in recognising that a new era in road locomotion 
had commenced, and by the exercise of their skill and perseverance 
they have since raised the standard of automobile engineering 
practice so that their productions now stand second to none 
throughout the world. 

The early days of the industry were, however, far from smooth, 
difficulties were encountered which seemed at the time almost 
insurmountable ; while in addition there were legal restrictions 
which barred the path of progress and prevented the fullest 
advantage being taken of mechanical ingenuity and talent 
available. These restrictions were to a large extent removed 
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2 MOTOR CAR ENGINEERING 

by the Act of 1896, so that the development of the petrol car may 
be said to date from that year. 

2. Onwards from that time progress has been marvellously rapid, 
not a year passing without some improvement, of a more or less 
radical nature, being made which tended to increase the efficiency 
and the reliability of either the engine or the chassis. The non- 
stop run at full power made by two Daimler engines under R.A.C. 
observation in 1910 affords sufficient proof of the reliability of 
the modern engine, while the papers read before the various 
Institutions bear ample witness to the high degree of efficiency 
which has now been reached. Cases could, no doubt, be cited in 
which the productions of a particular maker have failed to main- 
tain the high standard that had previously been observed, but 
these are due to local influences and do not affect the question. 
Generally speaking, the cause of failure may be traced to one 
source — the desire for cheapness; which, however laudable it 
may be in principle, does not merit the importance that is often 
given to it. The cheapness or otherwise of a car has two aspects 
— the initial price paid by the purchaser and the subsequent cost 
of upkeep ; and any change which reduces the latter, though it 
may in some measure necessitate an increase in the former, must 
be ultimately to the benefit of the manufacturer. Reduction in 
cost may, however, be effected without any reduction in quality 
by efficient design and by improving the methods of manufacture, 
and it is through working on these lines that high-class firms 
have made the reputation that they now possess. 

A tribute must also be paid to the part played by the materials 
of construction in the evolution of the car. Modern research has 
placed steels in the hands of the manufacturers, without which it 
would not be possible for them either to run their engines at the 
high speeds of revolution which obtain at the present day, or to 
use pressed steel so extensively. There is also the reduction in 
the amount of wear which has been effected by the use of these 
materials, the magnitude of which can best be estimated by com- 
paring the reports of the R.A.C. Committee on the 600 miles 
Reliability Trials in 1901 and the 15,000 miles run of a Rolls- 
Royce car in 1907. In the former trials, the wear of the gears 
in some cases was such as to burr over the edges of the teeth, 
while in the latter it was hardly perceptible. 

8. It must not be imagined, however, that finality has been 



INTRODUCTION 8 

reached in the construction of any part of the modern car, although 
one might be justified in some cases in thinking thus. Many vital 
problems still await solution — the carburetter, although much 
improved, is not capable of correctly proportioning the mixture 
under all conditions of speed and power — the gear-box is an 
excellent example of the finest workmanship, yet it would be 
discarded at once if an efficient device which avoided the use of 
sliding toothed wheels could be obtained — the method of actuating 
the valves is not satisfactory, as all systems have some demerit — 
the fact that the clutch is necessary shows the need for the 
exercise of the inventive faculties, and efficiency is too often 
sacrificed for the sake of silence. These items are mentioned 
not by way of criticism, for one's feelings are rather those of 
admiration, but in order to show that those parts upon which so 
much skill has been concentrated, even now fall short of the 
standard which may possibly be attained in the future. 

4. During the past few years, the principal features have been 
the development of slide-valve and piston-valve engines, the 
adoption of front-wheel brakes, the extended use of a worm 
transmission to the driving wheels and the improvement of the 
methods of suspension. But, as motor car construction is 
gradually becoming more or less standardised, it is anticipated 
that progress in the near future will affect some particular part 
rather than alter the general design of the chassis. 

Yet, notwithstanding all the modifications that have been made, 
the Otto cycle is still used in the vast majority of petrol engines 
for road vehicles. Forced induction engines, two-stroke engines, 
six-stroke engines and super-compression engines have reached 
the practical stage, and of these, the two-stroke engine has been 
the most successful ; but on account of increased weight, additional 
complication, or else a comparatively low efficiency, and largely 
also because of the conservatism of the motoring public, their use 
has not become more extended. 

5. Regarding future possibilities, it is conceivable that a 
petrol turbine, or a petrol-steam turbine, may reach a sufficiently 
high standard of development as to warrant its adoption as a 
prime mover with fair hopes of commercial success, provided 
that an efficient speed-reducing gear can be devised. At the 
present time, however, by reason of the high flame temperature 
associated with combustion of petrol and other hydrocarbons, it 

b2 
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is not possible to obtain blades capable of resisting the burning 
action of the hot gases. It was hoped that the reduction of 
the temperature of the gases by expansion in suitably shaped 
nozzles would permit of their use in the turbine, but from the 
results which have been obtained it does not appear likely that 
a practical solution will be found by working on these lines. In 
the petrol-steam turbine, the high temperatures of combustion 
have been reduced by the injection of water, in the form of a 
spray, into the hot gases before they reach the blades, the steam 
thus generated passing on with the products of combustion 
through the turbine. But the complicated system of control, 
together with some difficulty in varying the speed and power of 
the epgine, would seem to prohibit its use on automobiles. 

It has been suggested that the Diesel engine might be adapted 
for this class of work, but it should be remembered that although 
it has a high efficiency and can burn much cheaper kinds of 
fuel, it must necessarily be of much heavier construction in 
order to withstand the greater loads upon the piston; and it 
also requires to be run at constant speed. 

With regard to the endeavours made by inventors to produce 
a satisfactory rotary engine, it is not anticipated that great 
success will attend their efforts ; as, so far, few engines of this 
type have reached even a semblance of efficiency owing to little 
advantage which they take of the expansion of the gases after 
entrance and because of the excessive weight of the engine for 
any given power. 



CHAPTER II 

THE OENERIL PRINCIPLES AND CONSTRUCTION OF THE PETROL 

ENGINE 

6. The Four-stroke Cycle Engine is the most popular and most 
efficient in use at the present day, and for this reason will 
receive attention first. 

This, the so-called Otto cycle, is generally attributed to 
M. Beau de Bochas, but the principle upon which it is based, 
namely, the compression of the charge in the cylinder, was in 
the minds of many engineers at about the same time as he 
embodied his ideas in the form of a pamphlet, published in 
1862. The first successful engine employing this cycle was, 
however, manufactured by Otto and Langen in 1867, being 
exhibited at the exhibition held in Paris in that year. 

The four-stroke cycle is so named because four strokes are 
required to complete the series of operations. They are as 
follows : — 

I. The induction stroke, during which the explosive charge 

is drawn into the cylinder. 
II. The compression stroke, on which the gas is compressed 
to the volume of the clearance space or the combustion 
chamber at the end of the cylinder. 

III. The explosion stroke, during which the gases are 

expanded, the charge being fired when the piston is 
on the in-centre. 

IV. The exhaust stroke, during which the products of 

combustion are expelled from the cylinder. 
These operations are shown diagrammatically in Fig. 2, where 
it will be observed that the inlet valve is open for the passage of 
the fresh charge on the induction stroke, both valves are closed 
on the compression and the explosion strokes and the exhaust 
valve is open on the exhaust stroke. 
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* 7. The series of operations may also be graphically repre- 
sented as shown in Fig. 38. Here V c is the volume of the 
combustion chamber, Vi the stroke volume of the piston, the 
line J is the line of atmospheric pressure, and the bottom side 
of the rectangle represents the line of zero or absolute pressure. 

During the first stroke of the cycle, a mixture of explosive vapour and air 
is drawn into the cylinder. But before a gas can be induced to flow into a 
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Compression Explosion 

Fio. 2. — The Four-stroke Cycle. 



Exhaust 



vessel from the atmosphere, the pressure in that vessel must be less than 
atmospheric pressure, and thus there is a partial vacuum in the cylinder on 
this stroke, which is represented by the line (r. 

On the next stroke, the compression stroke, the charge is compressed from 
the total volume of the cylinder with the crank on the outer centre to that 
of the combustion chamber, and therefore the pressure must rise gradually 
from the pressure represented by the line G, to the compression pressure used 
in the engine. The rate of increase of pressure, as will be seen later, depends 
upon the ratio which the initial volume bears to the final volume and may 
vary from about 3'5 to 1 up to 5 to 1. The line 1) shows the manner in 
which the pressure increases on this stroke. 

At or near the end of the stroke the charge is fired and the pressure rapidly 
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rises to the maximum during the cyole, — namely, the explosion pressure, as 
shown by the line E. The magnitude of this pressure will depend upon 
several factors, the chief of which are the degree of compression, the exact 
time of ignition, and the strength of the mixture ; but in very general terms 
it will amount to about three times the absolute compression pressure. 

The piston then performs the power strolre, upon which the gases enclosed 
in the cylinder are allowed to expand, doing work upon the piston. The 
pressure during this portion of the cycle will fall from maximum explosive 
pressure down to the pressure at exhaust and is represented by the line B. 

On the final stroke of the engine — the exhaust stroke — the burnt gases are 
expelled from the cylinder through the exhaust valve into the atmosphere. 
Owing, however, to the difficulty of making this valve sufficiently large to 
permit the pressure to drop immediately down to that of the atmosphere 
there will always be a certain amount of pressure acting against the piston 
in this stroke, as is represented by the line F. 

This diagram, therefore, represents the pressures which actually exist in 
the cylinder during the Otto cycle, and will be those that are traced out by 
the indicator when taking an indicator diagram. 

8. Two-stroke Cycle. — In considering engines working on 
this cycle it is desirable to divide them into two classes — those 
in which the charge is first drawn into the crankcase and then 
admitted to the working cylinder, and those in which a separate 
cylinder is employed to obtain an explosive mixture. In engines 
belonging to both classes, the exhaust is swept from the cylinder 
by the incoming carburetted charge, so that the type differs from 
the four-stroke engine as regards the manner in which the 
charge is induced and exhausted from the cylinder. 

9. Crankcase Induction. — In this type of engine, on the 
in-stroke of the piston an automatic valve on the crankcase opens 
and allows air to be drawn through the carburetter into the 
crankcase ; and, at the same time, the gas which was admitted 
to the cylinder at the end of the previous stroke is compressed. 
When the piston reaches or is near the top centre, the charge in 
the cylinder is fired, as in the four-stroke engine, and the power 
stroke made. During this latter stroke the gas in the crankcase 
is compressed to a pressure slightly above that of the atmosphere, 
so that when the piston nears the end of its stroke and uncovers 
two ports at the bottom of the cylinder (one of which goes to 
exhaust and the other to the crankcase) the carburetted air 
rushes into the cylinder from the crankcase, displacing the 
burnt gases and filling the cylinder with a fresh charge. The 
completeness of this scavenging action is facilitated by the shape 
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of the piston head, which causes the incoming gases on entrance 
to rise well into the cylinder, before passing downwards towards 
the exhaust port. The closing of the two ports is effected on the 
upstroke of the piston, the cylinder compression stroke, and thus 
the cycle is completed. 
The cycle of operations may be shown in the following way : — 

In the Cylinder. In the Crankcase. 

Out-stroke . Explosion. Compression. 

Exhaust. 
In-stroke . Compression. Induction. 

10. It is frequently urged in favour of this type of engine 
that it is (a) more efficient, (b) lighter in weight for any given 
power, and (c) much more simple. With regard to («), it is 
extremely doubtful whether this claim can be substantiated, 
as apart from the risk of sooted plugs, due to the presence of an 
excessive quantity of lubricating oil carried from the crankcase 
to the cylinder, there is always the possibility of some portion 
of the charge leaking, either through the joints of the crankcase 
direct into the atmosphere, or from the cylinder with the exhaust. 
Further, the process of expulsion of the exhaust gases can never 
be as complete as with the mechanical method adopted in the 
four-stroke engine, so that the mixture remaining in the 
cylinder must contain a larger proportion of spent gases. But 
it will be obvious that any engine which has a power-stroke for 
every revolution in each cylinder must be lighter than another 
which has only one such stroke in two revolutions, and that the 
elimination of cams, gearing and valves subject to explosion 
pressure must also tend towards simplicity. 

11. One of the best known and most efficient of this class 
of two-stroke engine is that fitted to the Yalveless car, which is 
shown in Fig. 3. 

The cylinders in this engine are not, as is usual, placed side by side 
longitudinally in the car, but transversely - -one cylinder being over the crank- 
shaft and the other connected thereto by spur-gearing- -both cylinders being 
desaxe. A common combustion chamber is used for the two cylinders, thereby 
dispensing with one sparking plug, while the inlet port is in one cylinder 
and the exhaust port in the other, so that when these ports are uncovered by 
the pistons the explosive mixture enters by the inlet port in one cylinder and 
drives out the exhaust gases through the exhaust port in the other. 

Every time the pistons ascend they compress an explosive mixture in the 
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cylinders, and at the same time the partial vacuum formed in the crankcase 
lifts the disc-valve shown and draws air through the lower right-hand passage 
into the crankcaso, the needle valve being raised by the disc and allowing 
petrol to be sprayed from the jot into the throttle passage I 1 only. No mixture 
therefore enters the crankcase. 

The charge compressed in the cylinders is then exploded and the pistons 
are driven down until the exhaust port E is uncovered by the left-hand 
piston, permitting the burnt gases to escape. Immediately afterward* the 



Fig. 3.— The Valveless Engine. 

inlet port at the bottom of the right-hand cylinder, not shown, is uncovered 
permitting the compressed air to pass from the crankcase to the cylinders, 
taking with it the petrol vapour in the throttle passage P. The mixture thus 
displaces the remaining gases in the cylinder through the port E which is 
still open. The pistons re-ascend, close both ports and the cycle is 
repeated. 

12. Separate Cylinder Induction. — As previously explained, in 
this form of two-stroke engine the charge is first drawn into a 
separate cylinder and then pumped into the working chamber — 
in all other respects the cycle of operations being very similar to 
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that unci! in engines having crankcase induction. The general 
method is for the carburetted air to pass through a valve in the 
head of the pump cylinder and then through a pipe to the inlet 



port in the working cylinder, but in actual application modifica- 
tions of greater or lesser importance are frequently made. In 
the Appleton engine, when the pump piston ia nearly at the 
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bottom of its stroke, a connection is made by means of a port 
cut in the piston of the working cylinder with the crankcase and 
a layer of air drawn therefrom into the pump cylinder. On the 



charge being forced into the working cylinder, this layer of air 
precedes the carburetted air, thus permitting more effective 
scavenging. This method of working should, therefore, give an 
increase in economy of petrol, as if any of the incoming gas 
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escapes to exhaust during admission it will be largely composed 
of uncarburetted air. 

Of the other two-stroke engines which have passed the 



experimental stage, that known as the " Cooper " should 
receive Home attention. 

13. In the Cooper engine the piston B is attached to a 
piston rod R which works through a gland S instead of being 
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connected directly to the connecting rod, the underside of the 
piston being used as the pump cylinder. Two piston valves 
(E and F) are fitted; worked off a single shaft — one, E, being the 
inlet valve from the carburetter, and the other, F, the admission 
valve to the cylinder — the exhaust being taken through a port in 
the cylinder. 

Id Fig. 4 the piston B is shown on the up-stroke compressing the charge 
which has been delivered into the cylinder A, and at the same time drawing 
in on the under side a new charge of mixture from the carburetter through 
the passage round mixture supply valve F, which is in position to allow direct 
communication therewith, the passage to compression chamber G being 
closed. In Fig. 5 the piston is shown on the power stroke, the charge which 
had been compressed in the cylinder on the previous upward stroke having 
been ignited and having forced the piston downward. At the same time, the 
charge of mixture which had been drawn in on the under side on previous 
upstroke is being compressed into the compression chamber through the 
passage round mixture supply valve F, which has moved into position to give 
free communication in that direction while the passage to carburetter is 
closed. In Fig. 6 the piston is shown nearly at the end of the power stroke, 
in which position the exhaust port is open and the spent charge escaping, 
and this is further driven out of the cylinder by the new charge which has 
been compressed in the compression chamber G on the previous downward 
stroke and can now pass to the top of cylinder past the inlet piston 
valve £ which has moved to the correct position to give communication 
between compression chamber and cylinder. 

On further movement of the crankshaft the piston rises and closes the 
exhaust port ; the inlet valve E also rises and closes the passage from 
compression chamber G to cylinder, while the mixture supply valve F 
closes the passage from under side of piston to compression chamber and 
opens direct communication to carburetter, thus completing the whole 
cycle of operations in one revolution of the crankshaft. 

14. Desaxe Engines. — One form of construction which has 
come to the fore in recent years is that known as the desaxe 
engine, in which the centre-line of the cylinders, instead of 
passing through the crankshaft, comes slightly to one side, in 
the direction of crankshaft rotation, the displacement amounting 
in some cases to as much as one-sixth of the cylinder diameter. 
The object which it is desired to obtain by the adoption of this 
construction is the reduction of the angularity of the connecting 
rod on the most efficient portion of the power-stroke, and there- 
fore a more direct transmission of power from the cylinder. 

On account of this cylinder displacement, the crank passes 
through rather more than 180 degrees on the firing and the induction 
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strokes, and rather less than 180 degrees on the exhaust and the 
compression strokes. The advantage to be gained by this has 
sometimes been over-estimated, as although the pressure on the 
piston on the power stroke acts through a greater distance, the 
gases are subjected to the cooling action of the cylinder walls for 
a longer period. On the induction stroke, however, the piston 
will be travelling more slowly, so that the explosive charge will 
be cooler and have a greater volume, the result being that in 
addition to the increment of compression pressure accruing from 
a more rapid rate of compression, there will be a larger volume 
of gas to compress and consequently a higher explosion pressure. 
It is in these respects, the increase in the compression and explo- 
sion pressures, combined with the more effective crank effort 
during the power stroke, that the gain in efficiency and power is 
to be expected. 

But this improvement does not stand alone, as there are 
disadvantages accompanying the introduction of the desaxe 
cylinder. For the same reason that a greater crank effort is 
obtained on the power stroke, a greater amount of power will be 
required to perforin the compression and exhaust strokes, and, 
further, when firing with a retarded spark, the tendency will be 
to drive the crank backwards, which tendency will be increased 
as the displacement is increased, thereby preventing low speeds of 
rotation. Extreme caution should therefore be exercised in 
determining the amount of offset, as otherwise, instead of a gain 
there may be a distinct loss. 

15. En Bloc System. — This system of casting the cylinders 
together has, during recent years, come rapidly into favour with 
manufacturers, on account of the reduced cost of production and 
because the absence of piping, etc., gives a very clean and 
compact appearance to the engine. 

But it is not easy to obtain perfectly sound castings, even of 
cast iron, when the cylinders are cast in pairs and the inlet and 
exhaust passages are enclosed ; neither can one be sure that the 
requisite areas through the ports are maintained. Frequently, 
too, there is little or no water space between two adjacent 
cylinders, with the result that unequal expansion takes place 
in the walls, inducing stresses in the metal that may exceed the 
normal working stress. Then the castings as received from 
the foundry may not be free from warp or twist, and the pitch of 
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the cylinders may not correspond with that desired in the 
finished engine, so that one side of a cylinder may be ^ in. thick 
and the other side ^ in., in which event the cylinder will become 
oval when it is heated up by the explosions. 

But the great objection to the system arises from the difficulty 
experienced by the owner in effecting repairs, and from the exten- 
sive and costly nature of any replacement, should such become 
necessary ; as the weight of the part, coupled with the skill 
required to " enter " the pistons in the cylinders without damage, 
effectually deter the private individual from attempting the 
removal and replacement of cylinders cast in this manner, while 
a crack or excessive wear from softer metal in one cylinder may 
necessitate an entirely new set of cylinders. 

Questions on Chapter II. 

(1) Describe the sequence of operations which take place in the 
four-stroke engine and say why it is so largely used. 

(2) What are the peculiar disadvantages attaching to the two- 
stroke engine ? Illustrate by what means they have been overcome in 
modern types. 

(3) Compare the two and the four-stroke engines from the point 
of view of their use in automobile work. 

(4) Why are the cylinders of some engines displaced so that 
their centre line does not pass through the centre of the crank- 
shaft? What are the objections to a large amount of offset? 

(5) Discuss the en-bloc system of casting cylinders. 

(6) Sketch and describe the Cooper engine — pointing out its 
special features. 



CHAPTER III 

DETAILS OF ENGINE CONSTRUCTION 

16. The Piston. — The function of the piston is to transmit 
the working pressure in the cylinder to the crosBhead, and at 
the name time to prevent leakage of the gases. 

While the general form of all pistons is the same, they differ 



Fio. 7.— Longitudinal Section of 15 h.-p. Standard Engine. 

somewhat in details, as iB to be expected. They may be divided 
into classes, according to the shape of the head, in the following 
manner : — 

The Flat Top. — This is the usual construction and is easy to 
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manufacture, seeing that it consists of a plain cylindrical 
casting, with bosses for the attachment of tho gudgeon pin, and 
a flat head, which can be readily turned up. It will be seen 



Pig. S. — Armstrong -Whit worth Engine, Cross-section. 

from Fig. 7 that the top edge of the piston is rounded, so that 
should it receive an accidental knock it will not burr the edge 
over. In some eases (Bee Figs. 8 and 9) a web is cast across the 
underside of the piston, and connects it to the gudgeon bosses. 
This allows a thinner top to be used with safety. 

M.C.E. C 
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The Domed Top. — This shape gives a stronger piston head, as 
the pressure in the cylinder induces a compressive stress in the 
metal. The construction of this form is shown in Fig. 10. 
The height of the engine is, however, slightly increased. Here 
again, a web may be placed on the under-side so as to strengthen 
the top as is Been in Fig. 10. 

The Coned Top piston is a modification of the domed top, in 
which, instead of a rounded surface being used, a coned section 



Fro. 9. — 15'9 Armstrong- Whit worth Engine, Longitudinal Section. 
is employed. The advantage lies in the method of manufacture, 
because it is easier to turn a straight internal and external cone 
to a uniform thickness than a curved surface. 

The Recessed Top Piston is shown in Fig. 18, and is occasion- 
ally used, as it gives a slight reduction in height and is a good 
shape for perfect combustion. It is a Btrong form, but the 
pressure upon it tends to draw in the sides. Both this and the 
domed top provide the maximum cooling area to the piston, 
which is good where large pistons are used. 
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The clearance allowed between the walls of the cylinder and 
the piston varies slightly in practice, but an average value is 
one-thousandth per inch of diameter in the body, increasing to 



about three-thousandths at the upper edge. The extra clearance 
is necessary at the top because of the greater expansion resulting 
from the higher temperature to which that part is subjected. 
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Binge. — There should be at least three, bat preferably four, 
rings at the top of the piston, and the slots in them should be 
arranged around the piston, so as to provide a devious path for 
the gas, should any tend to leak past. Some means to prevent 
turning is also desirable, such as a pin driven into the piston 
body, the head of which engages with a slot in the ring. 

A scraper ring is sometimes fitted at the bottom of the piston 
to prevent an excessive quantity of oil passing into the cylinder. 
It also serves the useful purpose of distributing the oil well 
round the piston on the up-stroke. Examples of this are 
illustrated in Figs. 7 and 18. 

The thickening of the piston at its lower edge is adopted in 
some designs in order to stiffen it at this point as well as to 
provide a little metal that can be removed when the reciprocating 
parts are being balanced, before fitting in place. Recently, 
advantage has been taken of the reduction of weight which is 
permitted by the use of pressed steel pistons instead of those of 
cast iron. The weight of the reciprocating parts should be as 
light as possible, in order to reduce the vibration of the engine 
and to allow of the use of higher speeds of revolution with 
safety. 

17. Methods of Securing the Gudgeon Pin. — The gudgeon pin 
must be secured against rotary and endwise movement, and 
several means are adopted to ensure this. A common practice 
is shown in Fig. 10, where a taper pin is screwed into a boss 
upon the bosses of the piston, the taper of the pin holding 
the gudgeon tightly in position. In another form a set screw 
with a parallel end is used, but this is not so good, as it allows a 
slight movement should the pin be at all slack in the hole. In 
addition, the fastening is not self-securing, because it is only 
held in place by its pressure upon the bottom of the hole. The 
tapered pin jambs upon its sides and thus assists in holding 
itself in place. Both forms are fitted with split-pins and nuts. 

Frequently a ring is fitted around the piston, passing through 
the ends of the gudgeon pin, these being slightly below the 
surface of the piston. Such a fitting prevents endwise move- 
ment, and rotary movement is provided against by the use of a 
small snug or stop pin driven into one end of the gudgeon pin 
and recessed into the piston. It is shown in Figs. 8 and 9. 
Occasionally a complete ring is not fitted, but special end-pieces, 
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which serve the same purpose, are used, which fit into slots cut 
across the ends of the gudgeon and into the piston walls. 

A last form which may be noted is of an expanding type. 
The gudgeon pin is slotted at right angles and the hole through 
the centre is tapped out. In this screwed end a tapered plug is 
fitted which jambs the gudgeon pin in the bosses in the piston. 

18. Connecting Bods. — The connecting rod transmits the 
pressure on the piston to the crank pin and is thus subjected to 
an end load ; but in addition there is a stress induced in it by 
the motion to and fro, known as the inertia stress, which may 
amount to as much as that from the pressure on the piston, 
when running at high speeds of revolution. This latter stress 
acts in the plane of rotation. 

The general practice is to use a connecting rod having an H 
section, as this provides the maximum strength to resist the 
bending stress, and, at the same time, sufficient area to take the 
end load, for the minimum of weight. A number of examples 
are illustrated in this chapter, and attention is specially directed 
to the methods of attachment to and the lubrication of the 
gudgeon and the crank pins. The rod is drop-forged, but is 
more expensive to machine owing to the shape of its section. 

The tubular form has an annular section and is therefore 
easy to manufacture ; and, where the lubrication is taken to the 
gudgeon pin, possesses the advantage that the hole through the 
rod can serve as an oil duct. Its strength to resist bending 
stresses is good, although inferior to the H section, for which 
reason its weight must be greater. 

The solid rod is not often met with, but serves its purpose 
when slower running engines are adopted and where cheapness 
is more important than weight. Generally speaking, the 
connecting rod is made from about four to four-and-a-half times 
the length of the crank, a shorter rod causing excessive pressures 
on the cylinder walls, and a longer rod too great a height of 
engine. 

The gudgeon pin end is usually provided with a hardened steel 
bush, as it is unnecessary for this end to be adjustable owing to 
the small movement and consequent wear upon the pin. The 
bush should project slightly beyond the end of the connecting 
rod and be fitted with a stop pin to prevent rotation, as should 
any movement occur the lubricating holes will be closed up. 
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Sometimes this is prevented by turning a groove either round 
the outside of the bush or the inside of the rod, in the wake of 
the oil holes, but under any circumstances a stop pin is 
advisable, for relative movement between the bush and the rod 
must ultimately cause wear and, consequently, hammering. 

The big end of the connecting rod is usually fitted with 
bushes lined with white metal, although it is a common practice 
to run the white metal into the steel direct. The parts which 
receive the white metal are first tinned with solder so as to 
ensure metallic contact, as failure in this direction would soon 
cause the metal to flake and damage the pin. The thickness of 
this white metal is generally small — from £$ to ^ in. Bronze 
bearings are also occasionally employed. 

19. Crankshafts. — Crankshafts may be either built up or 
forged in one piece. At one time it was difficult to obtain a 
homogeneous metal, and in the process of forging some impurity 
would frequently be enclosed, or the metal would be imperfectly 
forged, but as the result of metallurgical research and the 
improvement in the methods of manufacture, the necessity for 
built-up shafts does not arise, although in some cases, such as 
bicycle engines, it is a cheaper method of production. In apply- 
ing ball bearings it is often the practice to build the crankshaft 
in several lengths, see Fig. 175, the ball-bearing crankshaft on 
the Sheffield-Simplex cars. 

An example of a built-up crankshaft is illustrated in Fig. 12, 
although the manufacturers of this (the Adler) engine have ceased 
to do so. Fig. 19 also shows another construction. 

It is very important that the crankshaft should be rigid, as 
excessive flexibility will cause wear at the bearings, and, by reason 
of the alternating stress, possible failure. There are two ways 
in which the rigidity may be obtained— one is by well supporting 
it in bearings, and the other is by increasing its diameter. The 
former is a question of design, and the latter one of metal ; and 
of the two the former is to be preferred, as increase of diameter 
means extra weight and greater frictional losses at the bearings. 
Some makers are disposed to dispense with a bearing between 
the cranks, as by so doing a shorter engine is obtained and less 
time is required to machine the parts ; but it becomes necessary 
where the en bloc system of casting the cylinders is employed. 
On the other hand, the provision of such bearings gives a better 
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support to the crankshaft, and therefore the deflection is less, with 
the result that wear is less pronounced. The crankshaft may also 
be made lighter. A crankshaft with bearings between each 
crank is shown in Fig. 17— the Knight-Daimler engine. 

A longer bearing is required at the flywheel end of the shaft, 
because the weight of the flywheel continuously acting upon that 
bearing prevents the lubrication from being as efficient as at the 
other bearings. 

Hollow crankshafts are frequently employed because, firstly, 
they are stronger than solid shafts for equal weight ; secondly, 
the hole through the shaft 'serves as an oil duct for lubrication 
purposes ; and thirdly, the probability of fracture from defective 
material is considerably reduced. The first follows from the fact 
that the stress in a shaft subject to torsion increases from zero 
at the centre to a maximum at the circumference, while the stress 
due to bending is least at or near a plane through the axis of the 
shaft. Consequently, the increased diameter permissible with 
the hollow shaft renders it better able to withstand the torsional 
and bending stresses which it is called upon to bear. The 
probability of fracture is reduced, because flaws, if there be 
any, are usually formed in the centre during the process of 
forging and gradually extend, when in use, through the metal, 
ultimately causing fracture. In the process of boring the 
hollow shaft, however, these flaws may be removed, or, at any 
rate, detected before extensive machining has been done upon 
the shaft. 

20. Arrangements of Cranks. — With the two-crank engine, the 
cranks may be arranged either on opposite centres or on the same 
centre. Four-crank engines are always made with 180 degrees 
between the two outer and the two inner cranks as seen in 
the illustrations. Six-crank engines may be looked at in 
the light of two three-throw crankshafts and are arranged so 
that the cranks at equal distances from the ends are together. 
For example, supposing the cranks are numbered from 1 to 6, 
commencing at the front end of the engine, then 1 and 6 are 
together, 8 and 4 and 2 and 5, and they come on top centre in 
the order stated for reasons which will be seen later. There are 
120 degrees between each pair of cranks. 

When the piston is approaching or leaving the dead centres, 
it is either being brought to rest or increasing in velocity, 
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because its velocity at the ends of the strokes is zero (see Fig. 108). 
To bring about these changes of velocity some force must be 
exerted ; and hence, near the ends of the strokes, there will be 
alternately a pull and a thrust upon the crankshaft, which will 
be transmitted to the chassis, setting up a considerable amount 
of vibration, unless the reciprocating parts are well-balanced. 
These forces act in a vertical direction in a vertical engine, but 
there are, in addition, horizontal transverse forces due to the 
oscillation of the connecting rod, to and fro, in the plane of 
rotation, the effect of which will be to tend to displace the engine 
in the direction in which the force acts. 

21. The arrangements of cranks will now be compared on the 
following bases : — continuity of torque .and the balance of the 
moving parts. 

It will be obvious that as the number of cylinders or the number 
of impulses increase, so must also the continuity of effort, as there 
is not so long a period between the effective strokes (see Fig. 107). 
The order of superiority will therefore be 6, 4, 2. But there are 
two arrangements of the two-cylinder engine. When the cranks 
are at 180 degrees, there will be two explosion strokes in 
succession and then two lion-effective strokes as below : — 

1st Cylinder. 2nd Cylinder. 

Explosion. Compression. 

Exhaust. Explosion. 

Induction. Exhaust. 

Compression. Induction. 

When the cranks are together there will be an interval of 860 
degrees between the explosion strokes in the two cylinders, 
thus : — 

1st Cylinder. 2nd Cylinder. 

Explosion. Induction. 

Exhaust. Compression. 

Induction. Explosion. 

Compression. Exhaust. 

The latter arrangement will therefore be the better for con- 
tinuity of torque. In all that follows the first arrangement will 
be called two-cylinder (180), and the second arrangement, two- 
cylinder (860). 

As regards the balance of the moving parts, the comparison 
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must be between the two two-cylinder arrangements, as both the 
four and the six-cylinder engines have only a small unbalanced 
couple. The six-cylinder engine is, however, slightly superior to 
the four-cylinder engine. In the two-cylinder (180) arrangement 
the reciprocating parts move in opposite directions, and there 
will, therefore, be a tendency to rock the engine in a longitudinal 
plane. This tendency will be absent in the two-cylinder (360) 
arrangement, but in its place there will be an increased amount 
of hammering, because the reciprocating parts of both cylinders 
will be moving in the same direction at the same time. 

In practice these effects are, to a large extent, avoided by the 
use of balance weights, which minimise but do not entirely 
eliminate them. * 

As regards the transverse forces, it will be clear that in the 
two-cylinder (180) engine, the inertia forces due to the motion of 
the connecting rods will act in opposite directions, and conse- 
quently will oppose one another. On the other hand, in the 
two-cylinder (860) engine, as both connecting rods travel in the 
same direction simultaneously, the forces produced will be 
unbalanced. 

Both engines are, therefore, at a disadvantage in some respects ; 
but the two-cylinder (860) engine is generally preferred on 
account of its greater uniformity of torque. 

22. Flywheels. — The function of the flywheel is to equalise the 
torque on the transmission gear, by storing up and restoring the 
excess energy given out by the engine when it rises above or falls 
below that required to propel the car. (See Art. 178.) 

In all engines there is a fluctuation in the energy given out by 
the crankshaft, and where, as in automobile work, a fairly 
uniform torque is essential, the flywheel becomes necessary. A 
secondary benefit derived from fitting the flywheel is that the 
full effects of the explosions in the cylinders are not transmitted 
to the gearing. 

The flywheel should l>e bolted to a flange on the crankshaft 
and not keyed, because of its reversible action. When the 
flywheel is storing up energy, it is driven by the engine, but 
when it is restoring its energy it drives the engine ; thus, if 
fitted on a key, this continual reversing action will cause the 
key to be worn away. This is one of the most fruitful sources 
of " knock " in engines so made, and is most difficult to locate 



28 MOTOR CAR ENGINEERING 

unless one has had previous experience on a similar engine. 
Examples of attachment are shown in Figs. 7, 9, 11, etc. Figs. 
11 and 106 illustrate a flywheel in which the rim serves as a 
fan for drawing air through the radiator. (See also Art. 168.) 

28. The Cylinders. — The shape of the cylinder will he 
determined by the space required by and the arrangement of 
the valves. Theoretically, for the minimum of cooling surface 
per cubic capacity, the shape of the head should be hemispherical, 
and it has been so made in some instances, but it is not an easy 
matter to devise an inexpensive and an efficient valve gear for 
such a shape without considerably complicating the engine. 

Thus, with valves in the head and inclined at an angle, the 
operating gear must be through long rocking levers, while the 
cost of machining the parts renders the engine costly to produce. 

The vertically overhead valves are excellent and give a good 
shape to the combustion chamber, but the gearing often 
detracts from the otherwise good points. 

A few years ago the valves were placed on both sides of the 
engine. The pipe arrangement from an engine so arranged was 
very satisfactory and a symmetrical engine was obtained, but 
the ratio of cooling surface to cubic capacity was nearly double 
that which a truly hemispherical combustion chamber would 
provide, and, therefore, there was a considerable heat loss to the 
cooling water. Still, the efficiency of such engines was high, in 
fact, differed little from those with valves in the head, but 
comparisons are difficult to make, for to be effective, the conditions 
must be the same in both cases. As will be clear, this arrange- 
ment necessitates the use of two camshafts and two sets of timing 
wheels. 

At the present time, the valves are generally placed side by 
side, which, while it necessitates only one camshaft, does not 
allow the pipe arrangement to be so good, as the pipes have to 
be bent so as to clear one another. The use of smaller valves is 
also necessary, unless the engine is lengthened, as sufficient 
space is not available for two valves in the pitch of the 
cylinders. The real reason for the development in this 
direction is, however, the more compact appearance of the 
engine — the bonnet is not so full as it formerly was — and where 
the en bloc system is used, the difficulties with the piping are not 
so evident. (See also Art. 27.) 
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24. With regard to the methods of casting cylinders, they are 
made separately, in pairs, in threes, or en bloc. 

The advantage accruing from separate cylinders is that they 
are more easily replaced if damaged, and that it avoids the 
multiplicity of designs ; as the same cylinder can be used for one, 
two, three, four, or six-cylinder engines. It does, however, 
increase the length of the engine and is slightly more 
expensive. 

The en bloc system has been discussed in Art. 15, so nothing 
further need be said under this head, except that as manu- 
facturers now usually cast in twos or threes they avoid the 
extreme effect of the disadvantages previously pointed out, while 
the advantages are in some measure obtained. 

Occasionally one finds examples where separate jackets are 
provided and the cylinders are machined inside and outside. 
This is usually done where lightness is important, and has the 
merit that uniform expansion of the metal is obtained. 

The jackets may be secured either by riveting or by shrinking 
on, or they may be spun into place. Sometimes, however, they 
are provided with a rubber packing ring, which, after a short 
period of use, becomes vulcanised and lasts for an exceptionally 
long time. Jackets may also be electrolytically deposited, but 
this is very expensive and is only carried out in extreme cases. 

Auxiliary exhaust ports are sometimes fitted to the cylinders 
of air-cooled engines, so that they are uncovered when the 
piston is nearly at the bottom of its stroke. These should be 
provided with a separate exhaust pipe, otherwise they are very 
dirty. The fact, too, that they weaken the cylinder has to be 
considered, and, except as regards air-cooled engines, they are a 
questionable advantage. 

25. Valves and Valve Gears. — One of the most important 
points which a designer has to determine is the type and 
position of the valves and gearing ; in fact, so important is this 
question that the success of an engine depends largely upon its 
valve gear. Until recently the only kind of valve used in petrol 
engines was that known as the mushroom or poppet valve, but 
the growing importance of silence and efficiency has resulted in 
the evolution of piston, rotary and sleeve valves. 

26. The Poppet Valve. — This type of valve, being more 
generally used, will be considered first. It may here be stated 
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that poppet valves will probably continue in use for some time, 
because of the reluctance of manufacturers and their customers 
to relinquish a well-tried and excellent design for another, in 
which radical changes are made ; but the inherent defects 
possessed by such valves must eventually cause them to be 
discarded. 

The principal troubles experienced with poppet valves are 
those due to mechanical causes, namely : — 

(1.) Noise due to the hammering of the tappets on the cams 
and consequent wear. 

(2.) Risk of broken valves and springs. 

(3.) Leakage from warped valves and seats. 

(4.) Insufficient area in opening and closing, unless excessive 
lifts or unduly large valves are used. 

(5.) Power absorbed in operating gear. 

In modern work the first three defects are almost entirely eliminated, by 
the use of special steel in the case of (2) and (3), and by enclosing the tappets 
or the fitting of aupplementary springs or buffers in the case of (1), so it is 
in regard to (4) and (5) that the real defects are found. These valves, in 
common with the other types mentioned, have a very small movement which 
takes effect in an infinitesimally short space of time— about one fortieth of 
a second — but, whereas with the piston and sleeve valves, the reciprocating 
members are driven through links by the camshaft, the poppet valves are 
opened by the action of cams and closed by springs, so it will be readily 
seen that during the period of opening very severe stresses may be set up in 
the actuating gear. To reduce these inertia losses, the valves and recipro- 
cating parts are made as light as possible, as the whole of the valve-gear has 
to be set in motion by the cams and closed by the action of the springs. 

To do this smoothly and quickly, the cam should have such a contour as 
will give the parts a uniform acceleration, but such a cam would be expensive 
to machine, so it is generally made with straight or nearly straight sides, 
and a smaU rounded peak. This gives reasonably quiet running, and is easy 
to manufacture, although it still restricts the valve opening at the position 
of maximum piston speed. 

As regards the power required to actuate the valve-gear, this is absorbed 
in overcoming the friction and the inertia of the reciprocating parts, in 
opening the valves against the pressure inside the cylinder and in com- 
pressing the valve springs — the work given out by these springs on closing 
being quite negligible, as it is highly probable that the cam roller never 
touches the cam when falling, but drops straight down from the peak to the 
root, partly because the cam is incorrectly shaped, and partly because of the 
relative weakness of the spring. 

Valves at the present day are made in one piece, of steel 
containing a high percentage of nickel. The valve stem should 
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be joined to the valve head by a well-rounded curve, partly to 
strengthen the stem at a point where it is subjected to great 
heat, and partly to direct the gases in and out of the cylinder. 
This is preferable to increasing the thickness of the head by 
rounding up the back of the valve. 

Regarding the angle which the valve seat should be made, 
this is usually 45 degrees, although occasionally it is slightly varied ; 
but it should be remembered that the flatter the seating the 
greater the likelihood that a piece of carbon or other matter will 
remain upon it. For this reason, and because the tightness of 
9 valve is not dependent upon the area, but upon the intensity 
of a pressure between the surfaces, seats should not be wider 
than, say, ^ in. Abnormally narrow seatings, on the other hand, 
soon get hammered into the valve and produce a shoulder which 
causes leakage. 

For interchangeability the exhaust and inlet valves should be 
the same size, and this is generally the case, a lower velocity 
through the exhaust valve being obtained by increasing the lift 
of that valve where necessary. 

27. Arrangements of Valve Gears. — While the arrangements 
possible and those which have been made are legion, there are 
only three which are used in current practice. They are as 
follows : — 

(a) Inlet and exhaust valves on one side. 

(b) Inlet and exhaust valves on opposite sides. 

(c) Inlet and exhaust valves in the cylinder head. 

In adopting either of the arrangements, (a) or (b), it is necessary to provide 
side pockets lor the valves, but with (c) these are not required ; so that in 
the two former the cooling surface will be much greater than the latter, and 
consequently more heat will be carried away in the cooling water. On the 
other hand, in case (b) these pockets will act as cushions, and reduce the 
explosive effect on firing the charge, as the fresh gases drawn into the 
cylinder will not mix so intimately with the spent gases over the exhaust 
valve. Still, assuming that the compression ratio used is the same in both 
engines, and also the fuel consumption, it must follow that the mixture in the 
cylinder of an engine with valves in the head will be weaker, as all the 
products of combustion from the previous charge will be mixed with the new 
charge, and the subsequent burning will therefore be less rapid. So it may 
be said that with regard to silence and combustion, these two engines are practi- 
cally equal, but that a gain in efficiency is to be expected with overhead 
valves by reason of the reduction of heat loss to the cooling water. 

One objection which is often made in respect to the placing the valves in 
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opposite Bides of the cylinder is that two camshafts become necessary ; but 
although this is the cane, it is really only an objection which affects the cost 
of manufacture— on the grounds of efficiency it has much to commend it, as 
the valves may thereby be made as large as desired. With valvea on one 
side, unless the engine is to be unduly lengthened, or excessive lifts are 
employed, the valve areas wilt he much less. The same may also be remarked 
concerning engines with valves in the head, although, perhaps, not to the 
same extent, an by slightly recessing the valves into the cylinder walls it is 
possible to obtain the area necessary in order to prevent the use of high 
velocities. 

28. Operating Gear. — Regarding the position of the actuating 
gear, undoubtedly the overhead camshaft is much to be preferred, 
especially where, as in the " Maudslay " engine, the camshaft 
swings bodily over and permits an immediate examination of the 
valves. The Maudslay valve gear is shown in Fig. IS. With 
the standard type of engine the camshaft is enclosed within the 
crankcase, and access to the valves is 
obtained by removing caps placed 
over them ; yet, while this generally 
gives satisfaction, it will be conceded 
that any device which contributes 
towards accessibility must ultimately 
appeal very strongly to the manufac- 
turer as well as the private owner. 

29. Valve lappets — The Crossley 

Valve Tappet. — The valve tappet 

mechanism fitted to the Crossley 

engines is shown in Fig. 14. The 

valve A is kept upon its seat by the 

spring B. When in operation the 

cam roller M is lifted by the camshaft 

and carries with it the valve riser 

cup H. Inside this cup the_plunger 

Fjg.13.— MaudslayValveOear, G is free to slide, and between the 

showing Valve-cage in act bottom of G and the cup H there is 

a small clearance. As the cup H 

rises this clearance is first of all taken up, and the further lifting 

of the cup causes the plunger G to lift and carry with it the valve A. 

Inside the plunger G is a spring, the object of which is to keep the 

bottom of the valve-stem in contact with the set screw E and to 

do away with the noise which would occur if a gap existed 
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between E and the bottom of the valve stem. The adjustment 
of the set screw E should be such that there is a clearance of 
about the thickness of a visiting card when the valve is closed 
and the plunger G is depressed by 
hand as far as it will go, thus, for the 
purpose of the adjustment, doing away 
with the clearance between G and H. 

The holes K are to allow any oil 
which may work up to drain back 
into the crankcase. 

The Wolaeley Valve lappet. — This 
tappet is shown in Fig. 15, from 
which it will be seen that it consists 
of a plunger having a screw adjusting 
at the point of engagement with the 
stem of the valve. The plunger is A 
prevented from rotation by flutes cut 
upon the sides, which slide in corre- 
sponding slots in the guide. The valve 
is quietened by the use of a fibre b 
washer in the end of the plunger. 

The Napier Valve Tappet is shown in c 
Fig. 16. A plunger rod carrying the D 

cam roller works in a guide C attached 
to the engine casing. At the upper 

end of this plunger is an adjusting K K 

screw A, case-hardened at the top, 
which may be moved inwards or 
outwards, as necessary for adjustment. 
The screw A is secured by a split pin 

B, which, it will be observed, has a H 

very fine adjustment. 

The roller is held in position on the 
cam by a slot cut acrosB the guides. 

80. Valve Setting.— The setting of Fl °- "■— ™* Crowley Val™ 
the valves in petrol engines varies ™ ' 

considerably in practice, being somewhat affected by the shape and 
configuration of piping, degree of compression used, the speed of 
rotation of the engine, and the mechanical perfection or otherwise 
of the actuating mechanism. In some cases the actual setting is 

H.C.B. » 
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taken by measuring the distance which the piston is from the end 

of its 



stroke — a practice which can- 
not be too strongly con- 
demned, owing to the small 
amount of displacement of 
the piston for a large angular 
movement of the crank pin 
near the dead centres, and 
because such readings will 
only apply to engines of one 
particular stroke. By far the 
better method is to base the 
opening and closing of the 
valve on the position of the 
crank pin, for if marks are 
placed upon the flywheel to 
correspond with the various 
cranks the setting of the 
valves can be verified at any 
time, and, in addition, the 
same setting will closely 
apply to all engines having 
the same speed of revolution. 

An average setting suit- 
able for engines running at 
about 1,200 revolutions per 
minute is as follows : — 

Inlet opens 10 degrees after 
top centre. 

Inlet closes 20 degrees after 
bottom centre. 

Exhaust opens 40 degrees 
before bottom centre. 

Exhaust oloses 7 degrees 
after top centre. 

Dealing first with the inlet 
„ , , „, , , „ , m , valve, the object of delaying its 

Fig. 13.-Wolwley Valve Tappet. opening fa to J mnn ££* &* 

pressure within the cylinder has fallen to the pressure of the atmosphere, 
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as otherwise there would be a possibility of flame from the previous 
charge being blown into the inlet pipe and so causing an explosion. 
Then, as has been already mentioned, on the induction stroke of the engine 
there is a partial vacuum iu the cylinder, so that if when the piston reaches 
the end of the stroke its motion were suddenly arrested, more gas would 
continue to enter through the inlet valve. This is, of course, impossible, 
but, by prolonging the period of opening until the piston has started upon its 
compression stroke, a greater quantity of gas can be drawn into the cylinder. 

Regarding the exhaust valve, it is most 
important that the products of combustion 
should be got rid of as soon as possible after 
they have done their work, so as to reduce the 
pressure during the exhaust stroke. But, 
when the piston reaches a position corre- 
sponding to the crank angle given for the 
point of opening to exhaust, the crank effort 
is very small compared with the maximum 
effort, and the gain in power due to the 
further expansion of the gases to the end of 
stroke before exhausting, is quite out of pro- 
portion to the gain from a lower back pressure 
on the exhaust stroke — so it is found to be 
more economical to open this valve at the 
point stated. The closing of the exhaust 
valve is not so important so long as it is 
effected before the inlet valve opens--the 
nctunl time by which it precedes it being 
determined by the speed of the engine— the 
faster the speed of revolution the greater 
should be the angle, unless excessively strong 
springs are UBed. 

31. Sleeve, Piston and Rotary Valve ., 

Engines. — Among tbe claims made for 

the classes of engines now being considered is that of silence, 
which will be readily granted by any but the most biassed 
observers. 

It is sometimes argued that the gearbox and the engino's explosions cause 
more noise than the engine, hut any device which tends towards silence 
must receive recognition, and it is for this reason that the tappets are now so 
universally enclosed in poppet valve engines. 

Another claim is smoothness of operation, and although this cannot be 
accepted as fully as the former, because of tbe impossibility of entirely pre- 
venting some degree of vibration with an explosive engine, yet, in the sense 
that there are no cams with their hammering action to set up additional 
vibrations it must be conceded. 

D 2 
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Several other advantages have been forwarded respecting these engines, 
some of which refer only to a particular type, and cannot be indiscriminately 
applied. The principal of these are— an increase in power, efficiency and 
flexibility, a completely machined inside of cylinder, and consequently a 
uniform compression. With regard to the increase in power and efficiency, 
it will be readily understood, in view of the remarks made respecting engines 
with valves in the cylinder heads, that any engine of similar construction 
must gain in efficiency, and as less heat is lost to the jacket there must also 



Fig. IT.— The Knight -Daimler Engine. 

be a greater amount of power developed for any given size of cylinder. 
Similarly, the claim for flexibility, or rather control -ability, as Mr. Dugald 
Clerk very rightly terms it, can hardly be accepted entirely, as it is well 
known that engines with pockets, having a richer mixture in the body of 
Cylinder, can run on smaller charges, and thus will be more flexible. But 
the advantage of a machined surface in a cylinder cannot be overestimated 
when considering compression. In engines which have a part of the surface 
left as cast it is impossible to secure a uniform combustion space except by 
fitting different sized valve caps, which after an engine is once dismantled 
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frequently become disarranged. The regularity of running, which is so 
desirable in an engine, depends largely on the mean pressure on the piston, 
and should the compression pressure vary, so will also the maximum pressure. 
This was one of the reasons why a synchronised ignition became imperative 
in first-class work. There is another feature of these engines to which 
attention might be drawn, namely, the large valve port opening, whereby 
the velocity of the gases are considerably reduced. This point is the more 
important because it enables a 
larger charge to be taken into 
the cylinder at high speeds, 
and makes a freer exhaust 
possible, both giving an incre- 
ment of useful power. 

32. The Knight Engine. 
— An assembled arrange- 
ment of the Knight valve 
gear is shown in Fig. 17, 
while Fig. 18 shows a sec- 
tion through the Knight- 
Rover engine. In the 
latter figure it will be seen 
that two sleeves are em- 
ployed which operate be- 
tween the piston and the 
cylinder walls. These 
sleeves are stiffened at 
their lower ends by rings 
A and B to which are 
attached lugs X and Z by 
which they are driven 
through the rods C and D 

from the valve shaft W. Fl0 , i H ._ The Knight-Rover Engine, 
At the upper end of the 

sleeves are ports— H on the inlet side and F on the exhaust side. 
In order to render this end gas-tight three narrow rings and one 
wide ring are fitted into the cylinder head, which is detachable. 
The wide ring is provided to prevent the edges of the ports striking 
the edges of the rings. The cooling of this head is effected by the 
passage of water in at Y and out at E. The valve shaft W is 
driven from the crankshaft by means of a silent chain (see Fig. 17). 

The method of operating is as follows : — On the induction 
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stroke of the engine, the inlet porta H are brought into line 
opposite to the inlet port I in the cylinder body — the inner sleeve 
moving upwards and the outer sleeve downwards, thus giving a 
rapid port opening. 

On the compression stroke the inner sleeve is moved so that it 
recedes into the cylinder head, and at the point of firing the ports 




Fie. 20.— The Hewitt Engine. 

in the inner sleeve are in their uppermost position. This ensures 
that any chance of leakage will be reduced to a minimum. 
During the explosion stroke the sleeve descends travelling in 
the same direction as the piston, and when exhaust occurs the 
ports F on the exhaust side are in line with the port opening C 
to the exhaust in the cylinder body. 

38. The Bingham Piston Valve Engine. — The construction of 
this engine is shown in Fig. 19 from which it will be seen that 
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two piston valves are provided which work in annular casings on 
the two sides of the engine. The valves have a rectangular slot 
cut in the circumference on the side nearest to the cylinder and 
are packed by four wide piston rings, two being above the slot 
and two below. 

The operating shaft is driven by skew gearing from the crank- 
shaft, and connection is made to the valves by the aid of levers 




Fio. 21. — Section through Hewitt Piston. 

and linkB. The method of operation is clearly shown in the 
illustration. 

The special point of interest with this gear is the slow rate of 
movement of the valves — only a quarter of the speed of the engine— 
which is possible because each valve operates on the up-stroke as 
well as on the down-stroke when the valves are in the middle of 
their travel. This slow rate of valvular movement cannot fail to 
reduce the wear of the parts and minimise vibration, although it 
is somewhat counterbalanced by the large number of joints 
lietween the operating shaft and the valves. 

The facility with which access may be obtained to any part of 
the valve gear is worthy of commendation. 



DETAILS OF ENGINE CONSTRUCTION 41 

34. The Hewitt Engine. — In this engine the valves are placed 
on the same side of the cylinder and are operated from a half-time 
shaft A, Fig. 21. The inlet valve is 1} 
inches diameter and the exhaust valve 1£ 
inches diameter, both having a 3- inch 
stroke. The charge enters through the 
inlet passage B (inset Eig. 21), and passes 
into the cylinder through the port which is 
uncovered by the piston valve. The 
exhaust takes place when the port, seen in 
the^larger section, Fig. 21, is uncovered by 
the exhaust valve on its down-stroke and 
passes away through the pipe seen to the 
right. 

Fig. 22 shows a section through one of 
the exhaust valves from which it is seen 
that exceptional arrangements are made to 
ensure that the exhaust valve will be kept 
at a low working temperature, as water- 
jacketing is provided between the ports. 
The manner in which the four ground joints, 
are made between the valve casing and the 
cylinder is shown in Fig. 22. Fig. 22. 



Questions on Chatter III. 

(1) Compare the poppet, the sleeve and the piston valve — as 
applied to petrol car engines — from the standpoints of (a) silence, 
(6) flexibility, (c) power, (d) life of working parts, and {e) efficiency. 

(2) Why is an overhead valve gear more desirable than the ordinary 
type of gear when considered from the point of view of efficiency ? 

(3) Why is an engine with valves on opposite sides more silent than 
another with valves in the head ? 

(4) Sketch a piston with three piston rings, a semper ring and the 
gudgeon pin in place and say how the parts are lubricated from the 
crankcase. 

(5) What is the function of the flywheel? How is it generally 
secured to the crankshaft, and why should this be so ? 

(6) Make a sketch showing a section through a poppet valve gear, 
including the valve pocket, valve springs, tappets, and camshaft. 
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Draw only sufficient of the cylinder and crankoase as is necessary 
to show the relative position of the parts. 

(7) What are the respective merits as regards (a) uniformity of 
torque, and (b) absence of vibration in the two forms of two-cylinder 
engines. 

(8) Describe the Knight Engine, and show by the aid of sketches 
how the sleeves are kept from leaking, and how they are driven. 

(9) What measures may be taken to silence the poppet valve gear, 
and give sketches of one method by whioh this is effected ? 

(10) How does the type of valve gear employed influence the shape 
of the cylinder and what is the best shape ? Give your reasons. 

(11) Show how the connecting rod is attached to the crank pin and 
say what materials you would use for the various parts. 

(12) Give the periods and times of opening and closing the valves 

of a petrol engine. What influences affect the actual times, and 

why ? 



CHAPTER IV 
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35. The Suitability of Petrol as a Fuel. — Among the most 
important questions which had to be decided in applying the 
internal combustion engine to road vehicles was the source of 
motive power. 

Up to that time gas and oil had boon in extensive use for stationary 
purposes, both of which it would be impossible to adopt, because the former 
requires a large storage capacity and the latter cannot be used for starting, 
gives heavy explosion effects, and has an exceptionally evil-smelling 
exhaust. 

It is therefore easy to understand why petroleum spirit was selected as the 
source from whence the power should be derived. It vaporised freely, was 
cleanly to handle, and the exhaust was practically inodorous, thus constituting 
an almost ideal fuel. 

This state of affairs continued to exist for some time, as there was an ample 
fuel supply of fairly uniform quality ; but with the extended use of motor 
cars for both pleasure and commercial purposes, the demand exceeded that 
which the Benners could supply, and the price of fuel rose considerably. 
The shortage was due to the fact that petroleum spirit is only one of the 
many fractions obtained from the crude oil, and not only so, but it forms a 
very small percentage of the total, and hence, unless there is a sufficient 
market for the other products of distillation, it will be impossible, on account 
of the expense, to distil the crude oil for petroleum spirit alone. A Table, 
illustrating how small a percentage it is, is appended : — 



Constituent. 


Scotch Shale 
Oil. 

Per Out. 

5 
35 


American 
Petroleum. 

Per Cent. 

16 
50 


Uutisiau 
Petroleum. 


Ether, Gasoline, and j 
Petroleum Spirit j 
Kerosene 


Per Cent. 

4 
27 


Intermediate Oil . 


2 




12 


Lubricating Oil . 
Paraffin Wax 


18 
12 


15 
2 


32 
1 


Residue 


28 


17 


24 
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A complete table, showing the products of distillation from 
American petroleum with their percentages and properties, is 
given on p. 45. 

To meet this shortage of spirit, the importers gradually added 
some of the heavier fractions of the crude oil, with the result that 
the spirits in use at the present day have a much higher specific 
gravity and boiling point, and are, consequently, of a much 
less uniform character. It will be seen later that this lack of 
homogeneity is the cause of many of the difficulties experienced 
in carburation. 

86. Physical Properties of Petrol. — Petroleum spirit belongs to 
the paraffin series of hydrocarbons, which have a general com- 
position of C n H2 n + 2, and is a mixture of a large number of 
the series, the exact composition being determined by the limits 
of distillation and the source from whence it is obtained. The 
vapour from the spirit is produced at ordinary atmospheric 
temperatures, and weighs a little more than three times the weight 
of an equal volume of air. It ignites readily at an open flame, so 
that extreme care should be exercised in handling the liquid. 
The fuel has an average specific gravity of about *68 at 15° C, a 
calorific value of from 18,000 to 21,000 B.T.U., and a boiling 
point of from 150° to 200° F., while the major constituent is 
hexane, Ce Hh. 

The explosive range of petroleum spirit at atmospheric pressure 
is from 2 to 5 per cent, by volume, the maximum explosive effect 
being produced at about 2*5 per cent. 

The petrols now supplied to motorists have, however, slightly 
different physical characteristics, the specific gravity varying 
from 700 to '760, the calorific value from 17,000 to 20,000 B.T.U., 
and the boiling point from 150° to 250° F. They no longer 
belong exclusively to the paraffin or saturated series of hydro- 
carbons but frequently contain some of the olefines or unsaturated 
series (C n H2 n ) and some of the benzenes and naphthalenes. 
(See Table of the Physical Properties of some of the principal 
constituents of Petrol on p. 47.) 

87. Source from Whence Obtained. — Crude petroleum, from 
whence petrol spirit is distilled, may be obtained either from 
shale or from petroleum springs or wells. The shale as dug from 
the pits is a dark, hard slaty-looking substance, and is first 
broken into small pieces by stone-crushing machinery, in order 
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to expose as large a surface as possible to the subsequent action 
of heat. 

There have been many methods of extracting the oil from sfyde, but that 
now generally employed is known as the " continuous system," in which 
vertical retorts are used. The shale is continually fed into the top of a 
retort, in which the temperature rises from about 800° F. in the upper 
portion to about 2,000° ¥. at the bottom. Thus, as the shale descends 
through the retort, it is subjected to a higher temperature, giving off the 
lighter vapours at the top and the heavier products and ammonia as it passes 
towards the bottom. The vapours produced by this heat treatment are taken 
to a stack of vertical pipes, in which the heavier oils are condensed, the 
remaining gases passing on to scrubbers or coke towers. Here the gases are 
exposed first to a stream of oil to remove the lighter spirits, and then to a 
shower of water, to absorb the ammonia, the gases which remain uncondensed 
being taken back to the retorts, where they are used for heating purposes. 
The oil used for absorbing the lighter spirits is an intermediate oil, having a 
specific gravity of about '856, which is made to give up the spirit by 
subsequent distillation. 

Crude petroleum is obtained from wells or springs in many parts of the 
world, and as pumped from the earth has a thick brownish or greenish 
appearance, and a very pungent aroma. Its specific gravity varies from '79 
to '938, according to the location of the spring. 

The constituents, with their physical properties, of some of the 
American oils are given in the accompanying table : — 



Contttitnent 


Boiling Point. 


Specific Gravity. 


Percentage. 


Petroleum ether 


104° to 158° F. 


•59 to '625 


•5 


Gasolene 


158° to 176° F. 


•66 to '67 


1-5 


Petroleum Spirits . 


176° to 302° F. 


•68 to "788 


140 


Kerosene 


802° to 572° F. 


•753 to '864 


50 


Lubricating Oil 


572° F. upwards 


•844 to '96 


15 


Paraffin Wax . 


— 


— 


2 


Residue . 


i 


^— 


17 



38. Distillation. — The procedure followed in carrying out the 
distillation of crude petroleum is as follows : — 

A number of stills of retorts are arranged in series, connected together by 
pipes led from the bottom of one still to the next in the series. The number 
of stills is determined by the number of fractions or cuts which it is desired 
to take. Each still is maintained at the tem perature representing the limit 
up to which the cut should be taken by means of a furnace, although steam- 
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heating is frequently employed for the lighter fractions. The crude oil is 
pumped into the first still, where it remains until the mass is thoroughly 
heated up and the lightest spirits driven off. The residue is then allowed to 
flow by gravity into the second still and a similar operation performed, and 
so on until it has been through all the stills in the series, the residue from 
the last still being a dark, heavy, evil-smelling compound. The vapours 
driven off from each successive still are led to separate condensers, in order 
to liquefy them and then stored in storage tanks placed beneath the 
ground. 

Frequently the distillation is stopped after the kerosene has 
been extracted, and the oil remaining used as fuel oil for heavy 
oil engines, liquid fuel for boilers, etc. The calorific value of 
crude oil is from 20,000 to 21,000 B.T.U., and that of the fuel 
oil 17,000 to 19,000 B.T.U. 

It will be seen from the nature of the process that the several 
cuts are not oils or spirits of uniform density, but a mixture of 
several other oils or spirits of varying density and boiling point, 
each cut being capable of further fractionisation. 

The crude petroleum spirit is then again distilled in special hot- water or 
steam-heated stills, the process being continued until the desired specific 
gravity of the condensed vapours is obtained. After this, it is washed with 
sulphuric acid and with soda, filtered and passed to settling tanks, so that 
any water which has come over with the vapours may be deposited. The 
washing with sulphuric acid is carried out for the purpose of removing tarry 
substances, while caustic soda is subsequently employed to cleanse the spirit 
from any sulphuric acid which may remain. It is very difficult to entirely 
eliminate all traces of sulphuric acid, as sulphur is, practically, always found 
to be present in the petrols upon the market, varying in quantity from 0*05 
to 0*07 per cent. 

89. Composition. — It is obvious that the degree of utility of an 
oil or spirit for fuel purposes will be entirely governed by the 
constituents of that fuel. Mr. G. H. Baillee, in a paper read 
before the Koyal Automobile Club in May, 1908, stated that he 
had found as many as twelve members of the paraffin series in 
commercial petrols, and that most contained butane, hexane, 
heptane, nonane, and decane. Decane is the major ingredient 
of kerosene, so that it may be fairly assumed that one of the 
constituents added to increase the supply of a usable fuel in 
petrol engines was that which had previously formed part of the 
cheaper fuel — kerosene. 

The following Table gives the physical properties of some of 
the principal constituents of petrol : — 
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i 

Constituent. 


Chemical Symbol. 


1 

Boiling Point. ' 

i 
1 

Centigrade. 


Specific Gravity 
at 14° 0. 


Paraffin Series — 






Butane . 


C4 H10 


i° 


•600 


Pentane (normal) . 


Cs Hm 


86° 


•626 


Hexane . 


Ce Hm 


68-5° 


•674 


Heptane 


C7 Hm 


1 98 ! 


•688 


Octane (normal) 


G8 His 


i 125° 


•707 


Nonane (normal) . ! 


C9 Hao 


1 150° 


•722 


Decane . 


do H92 


160° 


•788 


Naphthalenes — 




1 ~. 1 




Hexahydrobenzine . 


Ce H12 


1 69° 


•760 


Hexahydrotoluene . 


QHu 


i 97° 


•772 


Benzene Sei-ies — 








Benzene . 


0«H« 


1 80-4° 


•884 


Toluene . 


C7 Hg 


111° 


•871 


Alcohols — 




1 

1 




Ethyl Alcohol . 


CaH.0 


i 78-8° 


•794 


Methyl Alcohol 


CH4O 


! 660° 


•797 

_ 



40. Volatility of a Fuel. — It will be seen later how much these 
varying boiling points affect the volatility of a fuel, but for the 
present it will suffice to show how that volatility may be 
ascertained. 

* 41. Baillee's Test Apparatus for Liquid Fuels. — In this instru- 
ment the relative volatility of different fuels is ascertained by 
measuring the quantity of air required to evaporate a given 
amount of the fuel, and comparing this with the quantity 
required to evaporate the same amount of a standard fuel. 

Heptane has been taken as a standard fuel, since it can be 
obtained cheaply in a fairly pure form, while its volatility is on 
a par with that of a good petrol. 

The apparatus is shown in Fig. 23, from which it will be seen to consist of 
an inner tube terminating below in a stop-cock, and above in a large bulb, 
with an opening through a funnel to the air. Near the bottom of the tube, 
a side tube is introduced just above the stop- cock connected to a foot bellows. 
A water-jacket surrounds both these tubes, and on this jacket is a double 
scale to indicate the height of the liquid in the inner tube. The petrol to be 
tested is poured into the inner tube through the funnel and air is blown by 
the bellows through the side tube, forcing the petrol up into the bulb, 
churning it up violently and rapidly vaporising it. The funnel tube ensures 
that no petrol is carried away in a state of suspension. 
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Fig. 23. — Baillee'a Test Apparatus for Liquid Fuels. 
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The method of making the test is as follows : — 

The outer jacket of the apparatus is filled with water which serves to keep 
the temperature constant during the test. Then a very little fuel is poured 
into the funnel at the top, and a stroke of the bellows is given to drive this 
into the bulb and so wet all its surface. This fuel is then run out by opening 
the stop-cock at the bottom. Then sufficient fuel is poured in to reach above 
the highest mark on the scale, and, after waiting half a minute, sufficient is 
run off at the stop-cock to bring the level down to the highest mark. Then 
two strokes of the bellows are 
given, which are generally 
enough to evaporate nearly a 
twentieth of the fuel ; if not 
sufficient, further strokes are 
given until the first twentieth 
has been evaporated. Then 
the strokes are continued and 
are counted until all but the 
last twentieth has been eva- 
porated. 

To obtain the B.A.C. num- 
ber of the fuel, the test is 
repeated, using heptane in- 
stead of the fuel, and the 
ratio of the number of strokes 
of the bellows in the two 
tests, multiplied by 100, 
gives the B.A.C. number. 

Curves of volatility may 
be obtained by taking read- 
ings after every five, ten, or 
twenty strokes. The read- 
ings are then plotted as in 
Fig. 24, and from the curves 
so obtained the number of 
strokes required to evaporate 
each successive twentieth 
separately can be found and 

plotted as in Fig. 25. These latter curves show the volatility of the 
different portions of the fuel, and, for any one fuel, are very similar in 
shape to the boiling point curves. 

In Fig. 24 the curve for heptane is a straight line up to the nineteenth 
twentieth, the readings taken being shown by dots, which give an idea of 
the accuracy attainable by the apparatus. The final bend in the curve is due 
to impurities in the heptane. This curve becomes in Fig. 25 a horizontal 
straight line, as must be the curve of any fuel which is not a mixture. 

The RA.C. has decided that the number 100 shall be taken 
to represent the volatility of heptane, and that the volatility of 
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any fuel shall be expressed by a number equal to 100 times the 
ratio of the quantities of air required to evaporate the same 
amounts of the fuel and of heptane as measured in this apparatus. 
The figures thus obtained are higher the less the volatility of 
the fuel, so that, properly speaking, they represent the non- 
volatility of a fuel. 

In making a test, only the air required to evaporate from the 
_ second to the nine- 

teenth twentieth is 
taken into account, 
because the firei 
twentieth consists 
of very light spirits, 
which are often lost 
by evaporation be- 
fore reaching the 
engine, while the 
last twentieth is 
sometimes a very 
heavy oil, which it 
is almost impossible 
to evaporate, and 
which, in quantities 
so small as this, is 
not detrimental. 

42. Specific Grav- 
ity. — The specific 
gravity of any sub- 
stance is the ratio 
which the mass* of 
unit volume of that 
substance bears to the mass of unit volume of a standard 
substance. 

For solids and liquids the standard substance is distilled 
water at its maximum density 4° C, and as the masses of all 
bodies at the same place have the same ratios as their weights, 
the specific gravity of a substance may be said to be — 

Weight of the substance 
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For gases, hydrogen is usually taken as the standard, and the 
definition may read, — the specific gravity or density of a gas is 
the ratio which its weight bears to the weight of an equal volume 
of hydrogen. In c.g.s. units, it is the mass in grammes of one 
cubic centimetre. 

It will be found that the specific gravity of a substance will 
decrease with the temperature, and this is of great importance 
when dealing with liquids, as the amount of expansion is appre- 
ciable with small increases of temperature. 

The usual method of determining the specific gravity of a fuel 
is by means of a hydrometer, which is an instrument appropri- 
ately graduated to read directly the density of the liquid in which 
it is immersed. 

The specific gravity of a fuel is, however, no criterion as to 
its value as a fuel, as it can be made to be whatever is desired by 
mixing spirits having widely different boiling points, and lacking 
greatly in homogeneity. 

43. Boiling Point. — If any liquid be exposed to the air, 
evaporation will continue to take place until the air becomes 
saturated, that is, until the air holds as much as possible of the 
liquid in suspension as a vapour. The actual amount it can 
retain without condensation will depend upon the temperature of 
the atmosphere. 

But when a liquid is heated, a temperature is eventually 
reached when this action neither takes place alone from the 
surface nor is it dependent upon the temperature or condition of 
the atmosphere, but commences in the body of the liquid itself, 
bubbles of gas being given off freely without any further increase 
in temperature. This temperature is the boiling point of the 
liquid. 

The boiling point is of service principally in obtaining an idea 
of the facility with which a fuel evaporates, but does not enable 
one to compare two different fuels with respect to their relative 
vaporising powers. For example, an engine will run without 
much trouble on benzol, but is more difficult to manipulate on 
alcohol, although benzol has the higher boiling point. 

With fuels used in petrol engines, the boiling point is not easy 
of exact determination on account of the many constituents 
contained therein, each of which has a separate and distinct 
boiling point. 

e *2 
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*44. Calorific Value. — The calorific value of a fuel is the 
number of units of heat liberated when that fuel is burnt to 
complete combustion. When a substance is burnt, a certain 
number of units of heat are evolved, the actual quantity of heat 
being determined by the efficiency of the combustion. For 
instance, if a given weight of carbon is burnt in oxygen to carbon 
monoxide a lesser number of heat units will be liberated than 
when burnt to carbon dioxide, because in that case combustion 
is not complete. 

The unit of heat used in this country is called the British 
Thermal unit, and is the amount of heat required to raise the 
temperature of 1 lb. of water through 1° F. when at its maximum 
density. For engineering purposes it is sufficiently accurate 
to take the 1° rise at any temperature. 

The following Table shows the number of B.T.U. liberated 
by 1 lb. of various substances on combustion taking place : — 



Substance. 


Result of Combustion. 


B.T.U. Liberated. 


Carbon .... 

Carbon .... 

Carbon monoxide . 

Hydrogen 

Marsh gas 

defiant gas 

Petrol .... 


Carbon monoxide 

Carbon dioxide 

Carbon dioxide 

Water .... 

Carbon dioxide and water 

Carbon dioxide and water 

Carbon dioxide and water 


4,450 
14,500 

4,300 

51,700 

23,515 

21,345 

17,000 - 21,000 



Thus, if 1 lb. of petrol of assumed composition C7 H w be burned, 
the proportions of carbon and hydrogen by weight will be 84 

84 
and 16 respectively, that is, there will be -7^ lb. of carbon and 

J.UU 

jQQ-lb. of hydrogen. 

84 
Heat liberated by burning carbon = — r x 14,500 = 12,180 

J.UU 

B.T.U. 

16 



Heat liberated by burning hydrogen = 
B.T.U. 



100 



X 51,700 = 8,272 



Total heat liberated = 20,452 B.T.U. 
It will be of assistance in all such calculations, in order to 
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obtain the weights of the elements composing the fuel, to 
remember the atomic weights of the following gases : — 

Carbon 12*000 

Hydrogen 1008 

Oxygen 1600 

Nitrogen 1401 

Sulphur 32-06 
The apparatus employed to determine the calorific value of n 
fuel is termed a calorimeter, and may be of several types. In 
dealing with solid or gaseous fuels little difficulty is experienced 
in manipulating the calorimeter; but when the calorific value of 
such volatile liquids as petrol is to be found, troubles immediately 
arise, and call for the adoption of special devices. The cause of 
the difficulty lies in the violence of the explosion due to rapid 
burning in the case of a bomb calorimeter, and in the maintenance 
of a uniform and regular supply of petrol vapour in the case of 
the ordinary calorimeter, both 
causes affecting the complete 
combustion of the fuel. To re- 
duce the rate of burning in a bomb 
calorimeter the fuel is often ab- 
sorbed by some such substance as 
Fuller's earth, or it is enclosed in 
a small cup having a narrow 
celluloid neck which thus con- 
fines the vapour, and allows it 
to burn somewhat slower. In 
the latter method allowance must 
be made for the heat given out 
by the celluloid. 

* 45. Darling Calorimeter. — The 
accompanying diagram shows the 
construction of the Darling Calori- 
meter, modified by Mr. W. Hansen 
Rawles, in order to make it 
specially suitable for very light 
spirits, sucb as petrol. 

It is described in the Journal of the Society of Chemical 
Industry, June 29th, 1907, from wbieh the following description 
is extracted : — 



54 MOTOR CAR ENGINEERING 

The complete apparatus consists of a brass lamp, A, of 3 — 4 cc. capacity, 
having a jet of about A hi. internal diameter, fitted with an asbestos wick, 
and a small cap, C. The lamp rests in a tripod clip, which fits on to the main 
portion of the apparatus. The bell-jar B (of glass or copper), the neck of 
which is fitted with a rubber stopper, carrying a glass rod, D, and an electrical 
conductor, E, for igniting the petrol, forms the combustion chamber, and is 
held in its place by means of the brass plate, P. The oxygen required for the 
combustion is conveyed through the glass tube, I, and introduced into the 
chamber through the copper tube, 0, impinging on to the top of the lamp. 

For very volatile liquids, such as petrol, the lamp is surrounded by cold 
water during the combustion, to prevent overheating and consequent boiling 
and explosion of the contained liquid. This water is introduced through the 
tube, W, by pouring it down a funnel attached to the rubber connection, N, 
and then replacing the funnel by a glass rod, R. The hot products of com- 
bustion pass down the tube, T, and bubble up through the perforated base- 
plate, H. A copper spiral of ' arch " section fits accurately round the plate, P, 
and terminates at the top in a circular ring (also of arch section) perforated 
by small holes. The whole apparatus fits loosely into an outer glass 
vessel, V. 

The "water equivalent " of the calorimeter is found by weighing the 
various materials composing the calorimeter, multiplying these weights 
by the specific heats of those materials, and adding the products together. 

Example: — Weight of Glass X Sp. Ht. (0*18) = Water equivalent = g. 
Weight of (Copper + Brass) x 0*094 = water equivalent =b. 
Weight of Rubber X 0*1 = water equivalent = r. 

Water equivalent of apparatus = g + b + r. 

The calorific value of the petrol is calculated as follows: — 
If M = total weight of water used (in grms.); W = water equivalent of 
apparatus ; R = rise of temperature of the water ; w = weight of petrol burnt 

in grms. ; then the calorific value in calories = -* — 1 — and B.T.U. 

per lb. = calorific value X 1*8. 

The calorific value of a fuel obtained by this method is the 
major calorific value, as the steam formed during combustion 
will be condensed. To find the minor calorific value, the weight 
of water produced in burning the fuel would have to be found, 
and the heat given out by it in cooling calculated. 

* 46. Air Required for Combustion. — Explosion is simply a rapid 
combustion of the elements contained within the cylinder, and 
combustion is an oxidisation of those elements. Thus, for com- 
bustion to take place, it is necessary for oxygen to be present in 
sufficient quantity. In practice, however, it is neither possible 
nor desirable to use pure oxygen, and so the oxygen present in 
the atmosphere is utilised to carry out the chemical combustion. 
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Air contains by weight at 15° C. approximately 28 per cent, of 
oxygen and 77 per cent, of nitrogen, and by volume 21 per cent, 
of oxygen and 79 per cent, of nitrogen. But there is always a 
certain percentage of water vapour and other elements, which, 
from their small proportions, are always neglected in calculations 
having the nature of those about to be discussed. 

From the proportions of nitrogen and oxygen in air, it will be 
readily found that there is 1 lb. of oxygen in 4*35 lbs. of air, and 
1 cubic foot of oxygen in 4*76 cubic feet of air ; the similar values 
for nitrogen being 1*81 lbs. and 1*27 cubic feet respectively 
at 15° C. 

When carbon is burned to carbon dioxide, the equation 
representing the action is 

C + O a = CO a , 
which shows that by weight 12 x 82 = 44 lbs. of CO2 are 
produced by burning 12 lbs. of carbon (using their atomic 
weights), and that 32 lbs. of oxygen are required to burn 12 lbs. 
of carbon, or 2*67 lbs. of oxygen are required to burn 1 lb. of 
carbon. 

Similarly, when hydrogen is burnt to form water, the equation 
representing the action is : — 

H 2 + = H a O, 
so that 16 lbs. of oxygen are required to burn 2 lbs. of hydrogen, 
and 8 lbs. of oxygen are required to burn 1 lb. of hydrogen. 

If sulphur is present in the fuel in any considerable extent, 
then the sulphur burns to SO2 and 1 lb. of oxygen is required to 
burn. 1 lb. of sulphur, but for all practical purposes this may 
be entirely neglected. 

When desiring to obtain the quantity of air necessary, theoreti- 
cally, to burn a given quantity of fuel, it is necessary first to 
ascertain the constituents of that fuel. 

Supposing that the fuel is heptane C 7 Hi 6 . 

Then in 1 lb. of fuel there will be j^ lb. of carbon and y^ lb. 

of hydrogen. 

84 
Air required to completely burn -^r lb. of carbon is, from 

above : — 

~ X 2-67 X 4-85 - 9'756 lbs. 
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lfi 

Air required to completely burn jgg lb. of hydrogen : — j 

^X8X 4-85 == 5-568 lbs. 

Therefore air required to completely burn 1 lb. of C7H16 

= 9-756 + 5-568 

= 15-824 lbs. 
At 15° C. the volume of 1 lb. of air = 18-14 cubic feet. I 

Therefore 1 lb. of heptane requires 15-824 X 18-14 cubic feet 
of air 

= 201-86 cubic feet. 
But specific gravity of heptane = *688 at 15° C. 

and volume of 1 lb. of heptane = g^ s x . 6 8 q 

= -02888 cubic foot. 

Therefore, ratio of air to liquid petrol by volume 

20136 
~~ -02838 
= 8,680. 

But from the equation for combustion of heptane, 1 volume of 
C 7 Hie requires 11 volumes of Oa to completely burn it (7 volumes 
of Oa to burn the carbon, and 4 volumes of Oa to burn the hydrogen) , 
and 11 volumes of Oa are found with 11 X 8*76 volumes of 
N a = 41*86 volumes of N 2 ; consequently, 1 volume of the vapour 
of heptane requires (11 + 41-86) volumes of air = 52-86 volumes 
of air. 

In practice, however, these figures do not hold good, and it is 
found to be necessary to adjust the carburetter so that it will admit 
an excess of air to the cylinder, partly to neutralise the exhaust 
gases left in the cylinder, as the incoming charge will mix with 
these inert products of combustion, partly to allow for the 
presence of water vapour, and partly to compensate for the 
varying density of the atmosphere. This extra air varies from 
20 to 50 per cent., an average value being, say, 80 per cent. 



Questions on Chapter IV. 

(1) What do you understand by the boiling point, the calorific 
value and the volatility of a fuel? How are these obtained? 

(2) Describe the mode of extraction of petrol from crude oil. 
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(3) Describe a test for the volatility of a fuel and how is this of use 
in estimating the value of the fuel for an internal combustion engine.' 

(4) Why is the specific gravity of a fuel of no service in deciding 
its suitability for internal combustion engines ? 

(5) What would you say the calorific value of a good petrol to be ? 
State what physical properties it should possess. 

(6) How much air is required theoretically to burn 1 lb. of a 
fuel which has a chemical composition by weight of 83 per cent, of 
carbon and 17 per cent, of hydrogen ? Why does the actual amount 
which the engine requires exceed the value you obtain ? (Answer, 
15-56 lbs.) 

(7) What are the relative volumes of air and a petrol of chemical 
composition 83*5 per cent, of carbon and 165 per cent, of hydrogen 
by weight and whose S. G. = # 7 at 15° C. Volume of 1 lb. "of air at 
1*5° C. = 13-14 cubic feet ? (Answer, 8,842 to 1.) 

(8) What objection is there to using a fuel the constituents of 
which have a large range of boiling points ? 

(9) What are the sources from whence petrol is obtained ? 

(10) Two fuels are subjected to a test in Baillee's apparatus and their 
volatility figures are 105 and 120. Which would you choose for use 
in an engine, and why ? 



CHAPTER V 

FUELS OTHER THAN PETROL 

47. Importance of Good Fuel. — In all cases, the fuel ranks high 
in the minds of owners or prospective owners of cars. 

The four main conditions which a satisfactory fuel must 
comply with, are : — 

(a) It should be moderate in price. 

(/;) It should not leave deposits in the cylinder. 

(c) It should be sufficiently volatile to enable the engine to 
start easily. 

(d) It should have an exhaust which is free from obnoxious 
odours. 

It will be seen that petrol fulfils the last three conditions in their 
entirety, and it is only on the ground of expense that another 
fuel may displace it. 

From the nature of the car it is imperative that the fuel should 
have as small a bulk as possible ; consequently it must have a liquid 
or solid form. The only source of power in solid form is calcium 
carbide which, when water is added to it, generates acetylene gas. 
The use of this gas as a fuel will receive consideration later. In 
liquid form there are crude petroleum and its distillates, alcohol 
and benzol. 

The remaining requirement which a fuel must conform to 
before its use can be general is that there must be an ample and 
widespread supply. 

48. Fuel Oil. — The use of the heavier products from crude 
petroleum is, at the present time, confined to stationary and 
marine work. This is due not so much to the difficulty attendant 
upon its use, but to the large deposits in the cylinder, to the 
extreme violence of the explosion, to the foul-smelling exhaust, 
and to the necessity of maintaining the speed of the engine. The 
troubles from carbon deposits in the cylinder will always present 
themselves where oils are used which are mechanical mixtures of 
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a large range of hydrocarbons. In all such cases, the lighter and 
more volatile constituents form a gas first and leave behind a 
compound which it is more difficult to evaporate, with the result 
that it is incompletely burnt. For stationary work these defects 
are not of such importance as in connection with road vehicles ; 
and in marine work they are minimised by the economy and 
convenience accruing from their use. Hence the crude oil and 
the heavier products of distillation are precluded from use on 
motor vehicles. 

49. Paraffin or Kerosene. — Kerosene is the distillate from 
crude petroleum, after taking which the residuum is called 
" fuel oil," referred to above. Its specific gravity will vary 
considerably (as will also its calorific value) according to its 
composition, but will range between "758 and '864 at 15° C, 
and its calorific value between 21,000 and 24,000 B.T.U. per 
lb. Its flash point under Abel's close test is between 100° 
and 125° F., and it boils between 800° and 500° F., giving a 
vapour density five times that of air. The principal constituent 
of kerosene is decane (CioHia), and in all calculations relating to 
this fuel it may be assumed, without any great degree of error, 
that it is composed entirely from this member of the series. 

On the score of cost and accessibility of this fuel no objection 
can be raised, paraffin being obtainable in the most isolated 
localities at extremely low prices; and, as this forms about 50 per 
cent, of the crude petroleum, there should be no difficulty in 
obtaining an ample supply ; further, the fuel does not deteriorate 
in storage. 

But some idea of the utility of a fuel can be estimated by 
observing the range of boiling points possessed by the constituents 
of that fuel. Petrol has a range of about 100° F., whereas 
paraffin has about twice this range, namely, about 200° F., so 
that any trouble in the carburation or combustion of the former, 
will be greatly magnified with the latter. This range indicates 
a great lack of homogeneity in the liquid, and, as the engine must 
l)e sufficiently hot to vaporise the constitutent having the highest 
boiling point, it follows that there is a great possibility of decom- 
posing the lighter fractions and depositing carbon on the internal 
surfaces. This is one of the troubles — the presence of carbon 
deposits — with the attendant risk of pre-ignition, excessive wear, 
sooted plugs, and irregular running of the engine. 
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On account of the incomplete combustion that takes place, 
there is always a foul exhaust, which becomes aggravated when a 
missfire occurs. 

Pre-ignition too, when it does take place, necessitates stopping 
the engine to allow it to cool down, .owing to the fact that the 
part causing pre-ignition becomes the centre from which the 
flame radiates, and, consequently, the hottest part of the engine. 

Further, an engine cannot be started on paraffin, but requires 
to run for some time upon a lighter fuel until it is thoroughly 
warmed up before commencing to burn paraffin. Such engines 
also lose all flexibility on account of the necessity of maintaining 
the cylinder temperature, any condition below normal resulting 
in missfires. 

Hence it will be seen that paraffin fails to fulfil any of the 
stated requirements, except that respecting price of fuel, and as 
such is not suitable for road vehicles. 

50. Alcohol. — The question of adopting this fuel for use in 
stationary internal combustion engines, in the place of petrol and 
kerosene, has received much attention in France, Germany and 
the United States of America, on account of the potential advan- 
tages possessed by it. Its source of supply is practically unlimited, 
as it can be extracted from any vegetable matter containing starch 
or sugar ; while its greater safety, due to the non-inflammability 
of its vapour, makes it specially desirable where unskilled labour 
is engaged in using it. 

Mr. Sorel, in 1902, and later on, in 1906, the United States 
Department of Agriculture carried out a large number of elaborate 
and exhaustive experiments, using alcohol as a fuel, by the 
former to stimulate an agricultural industry, and by the latter, 
with the view of determining the relative values of alcohol and 
gasoline and to ascertain the difficulties encountered with and 
the latent possibilities of alcohol. The accounts of these experi- 
ments formed a most interesting addition to the information then 
available and must be considered as standard works on the subject. 

The chemically pure alcohol, called ethyl alcohol (CJ^OH) 
has a specific gravity of *792 and a boiling point of about 170° F. 
Its explosive range is from 4 to 18'6 per cent, of vapour, by 
volume, and its calorific value about 12,600 B.T.U. per 1 lb. 
Ethyl alcohol is produced by distillation from beetroot, potatoes, 
cereal grains, sugar cane, etc., but, although analysis will prove 
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that the percentage of starch present in the cereals is far in 
excess of that in potatoes, the most profitable source of alcohol 
will be from potatoes or beetroot, because of the larger supply 
per acre of ground cultivated. 

Owing to Excise restrictions, the sale of this pure spirit is not 
permitted until it has been what is termed " denatured " by the 
addition of some ingredient which will render it undrinkable. 
The added ingredient should, obviously, possess a calorific power, 
so that it may assist in generating heat for use in the engine. 

In Germany the denaturising agent is a special mixture of 
pyridine bases and benzine, 2J per cent, of which is added to 
ethyl alcohol, while in France methylene is used in the propor- 
tion of 1 to 10. In the United States 10 volumes of methyl 
alcohol and one half of 1 volume of benzine, or 2 volumes of 
methyl alcohol and one half of 1 volume of pyridine bases are 
required to be added to 100 volumes of 90 per cent, ethyl alcohol. 
In England about 10 per cent, of methyl alcohol is employed to 
denature the pure spirit, the resulting calorific value being 
approximately 11,820 B.T.U., this value being still further 
reduced by the presence of from 10 to 20 per cent, of water to 
10,380 and 9,800 B.T.U. respectively. The hygroscopic nature 
of alcohol necessitates the exercise of great care in storing the 
spirit, although the presence of water in small quantities is not 
altogether a disadvantage, as then it accelerates combustion. 

Methyl alcohol or wood naphtha is the product of dry distilla- 
tion of wood, and has a specific gravity of *812 at 0°C, a calorific 
value of 9,552 B.T.U. per lb. and boils at 150° F. It has a 
chemical composition of GHsOH. 

Taking now the methylated spirit and comparing it with petrol 
it is seen that the relative calorific values are : — 

Methylated spirit (-820 S.G.) 10,880 B.T.U. per lb. 
Petrol (720 S.G.) . . 19,800 B.T.U. per lb. 

But the fuels must not be compared on this basis alone. Two 
engines, one designed for petrol and the other for alcohol gave 
the following consumptions per B.H.P. hour : — 

Methylated spirit 1-16 lb. 
Petrol . . -78 lb. 

The B.T.U. (total) per H.P. hour were therefore, for alcohol 
11,940, and for petrol 14,090, a result which is not favourable to 
petrol, as their relative thermal efficiencies are as 1*18 to 1. 
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Further, the B.T.U. per gallon are 85,116 for methylated 
spirit, and 188,960 for petrol, that is, as 0*612 to 1. If, then, 
alcohol is to compete with petrol upon equal terms, and comply 
with the first condition that a satisfactory fuel should fulfil, the 
ratio which its price bears to that of petrol must not exceed 
(1-18 x 0-612) to 1, that is, 0'722 to 1. 

It will be seen that at the present time this is not complied 
with, as the price of petrol per gallon is la. 2d. and that of methy- 
lated spirit in this country is 2*. 6d. Still, if an extensive use 
could be found for alcohol as here indicated, there is no doubt 
that the cost could be considerably reduced. 

The increase in thermal efficiency noted above is largely due to 
the increased compression used in this class of engine. Sore] 
found that engines worked quite satisfactorily with as low as 
90 lbs. compression pressure, but observed that the compression 
could be carried to 180 lbs. quite safely. This high value is 
permissible because of the non-inflammability and the extreme 
homogeneity of the spirit which distils over completely at 170° F. 
while it cannot be ignited below 67° F. 

* 51. Conclusions of the U. S. Board of Agriculture on the use of 
Alcohol. — It may here be desirable to indicate the conclusions 
arrived at by the U. S.Boardof Agriculture. They are as follows : — 

(1.) Any ordinary gasolene engine can be run on alcohol without 
material change ; the only difficulties are encountered at starting up and 
in supplying a sufficient quantity of the fuel. 

(2.) When run on alcohol its operation is more noiseless than when 
on gasolene. 

(3.) For air-cooled automobile engines alcohol is especially suitable 
as a fuel. 

(4.) The fuel consumption was effected by the time of ignition, by 
the speed, and by the initial compression of the charge. The consump- 
tion was better at low speeds than at high speeds. 

(5.) A petrol engine will give about 10 per cent, more power when 
burning alcohol, but at the expense of a greater fuel consumption, 
20 per cent, more power being obtainable by specially adapting the 
engine to the fuel. 
In the main, they are decidedly favourable to the use of alcohol, with the 
exception of the latter part of (1). This difficulty is inseparably connected 
with practically all fuels but petrol, and so it appears to be necessary in the 
case of any substitute to fix an auxiliary tank to supply the engine at start- 
ing, switching on to the main supply when the engine has warmed up. A 
sufficient quantity of fuel can easily be obtained in engines using a carbu- 
retter by enlarging the orifice of the jet, and this has already been successfully 
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done, without any other modification ; still, it is desirable to have some 
mechanical control of the proportioning of fuel to air, wherever a light fuel 
is used at starting, as otherwise the mixture will be too rich and give trouble 
in this direction. The control may take the form of a special extra air supply, 
an adjustable jet, or two distinct carburetters, the first-named being much 
preferred on account of its simplicity. 

That alcohol would be an ideal fuel for air-cooled engines is only to be 
expected, because the non-ignitible properties of the spirit permit an engine 
to run at a much higher temperature. One of the reasons why a high com- 
pression is not used in air-cooled petrol engines is the danger of pre -ignition, 
and as the thermal efficiency depends upon the amount of compression used, 
alcohol should, and does, allow a very high efficiency to be obtained. 

A consideration of the points mentioned under conclusions numbered (2) 
and (4) brings to light two of the most important features in connection with 
alcohol engines, both of which are directly traceable to the same cause. The 
points referred to are the comparative silence and the smaller fuel consump- 
tion at low speeds. An explosion depends for its violence upon the rapidity 
of combustion, which in the case of the alcohol engine has been found to be 
much lees than with petrol or gasolene. Thus, although the higher com- 
pression used would conduce to greater noise and shock on ignition, owing 
to the low rate pi flame propagation, the maximum pressure is not attained, 
and the force of the explosion thereby reduced. There is a further benefit 
derived from this slow combustion, as the charge continues to burn through 
the stroke, raising the effective pressure and giving a more uniform turning 
effort on the crankshaft. It is presumed that some action of this nature 
goes on in the cylinders of petrol engines, but not to the same extent as in 
alcohol engines. 

The second result of the low flame speed is the reduction of piston speed, 
which becomes necessary in order that there may be sufficient time for com- 
bustion to take place before exhaust. This will be seen to directly affect the 
consumption of fuel, as, unless combustion is complete, a considerable amount 
of gas will past from the engine unconsumed and be finally burnt in the 
exhaust pipe. The passage of these flaming gases through the exhaust 
valve port has also an effect which was for a long time attributed to the use 
of alcohol, namely, corrosion and pitting. In the process of combustion, 
aldehyde, acetic acid, etc., are formed, and if the process be not complete, 
some of these are left in the cylinder for a sufficient time tosetTrpu corrosive 
action. It is, however, not a difficult matter to obtain complete combustion, 
as the amount of air required is little more than one-third of that required 
for petrol, and the explosive range of alcohol vapour is rather more than 
three times that of petrol. The intimate mixture which is so important in 
carburation is greatly assisted, too, by the presence of oxygen in the fuel 
itself, and which takes part in the combustion. The average value of the 
constituents of methylated spirit by weight are : — 

Carbon . . . . 51 per cent. 
Hydrogen . 13 per cent. 

Oxygen ... 36 per cent. 
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There will, of course, be some difficulty when running at light loads, which 
even with the petrol engine is not entirely absent ; but if a well-adjusted 
carburetter is employed, the trouble under these conditions may be reduced 
to quite a negligible quantity, while at full or nearly full load the exhaust 
gases will be quite innocuous. 

The remaining objection to be urged against the use of alcohol is its high 
vaporising temperature, which, although conducive to safety, necessitates 
the heating of the air used in combustion. 

To obtain equally free evaporation with methylated spirit as with petrol 
at 60 u F. the air should be raised to about 140° F. A reference to the table 
on p. 78 will make this quite clear, as it will be seen that ethyl alcohol 
lowers the temperature about four times as much as heptane, and five time* 
as much as decane. 

The advantages and disadvantages of alcohol as a fuel may be summarised 
as follows : — 

Advantages. — Homogeneous spirit and presence of oxygen conduces to 

better carburation. 
Low distilling temperature (170° F.). 
Large range of explosive mixtures (4 to 13*6 per cent.). 
Less noise in operation. 
Higher compression, and consequently higher thermal 

efficiency. 
Greater power per unit of cylinder capacity (10 to 20 per 

cent.). 
Pure exhaust, except at very light loads. 
Greater safety. 
Disadvantages.— Present high price. 

Low calorific value. 

Slower piston speeds, and therefore a heavier engine. 
Higher vaporising temperature required. 
It will be observed that the disadvantages are of a character which would 
not entirely prohibit its use, but only require favourable conditions to bring 
it within the range of modern requirements as an admirable source of heat 
energy. With the manifold advantages attaching to the use of alcohol, it is, 
therefore somewhat surprising that greater efforts have not been made in the 
direction of cheapening the cost of supply, as this is apparently the only 
obstacle to the adoption of an excellent fuel. Engines could then be designed 
to meet the special conditions without the necessity for adaptation which 
now exists. 

52. Benzol. — This fuel has prqved very attractive to experi- 
menters during the past few years, because of its low price, 
and the little alteration necessary to make an engine suitable 
for using it, while the fact that it is a home product has 
added somewhat to its attractiveness. 

Benzol is one of the by-products in the manufacture of 
coal gas, being a distillate from coal tar, and is largely nsed 
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in the colour industries. But with the ever-increasing quantity 
required in the production of aniline dyes, a fresh source of 
supply was found in the establishment of distilleries in con- 
nection with coke ovens which manufacture the coke for blast 
furnaces. Here, instead of the by-products being allowed to 
run to waste, as formerly, they are now absorbed by suitable 
oils and the benzol distilled therefrom. . 

But the limited quantity available, although widespread, will 
prevent this fuel from ever having an extensive use, as, like 
petrol, it forms a very small fraction of the substance from 
whence it is abstracted. 

Benzol (C 6 H 6 ) is a member of the series of hydrocarbons 
having a chemical symbol C n H2 n _6, of which toluene and xylene 
are also members, these latter being frequently found in the 
commercial petrols. It has a specific gravity of "885 at 60° F., 
a boiling point of 176° F., and a calorific value of about 
18,500 B.T.U. per lb., while its distilling range is from 198° F. 
to 289° F. Its explosive range is from 2*7 to 6*8 per cent, by 
volume of vapour. 

From its chemical composition it will be seen to be very rich in carbon, 
and so requires a large volume of air for combustion. This is one of the 
drawbacks with the fuel, as a sufficiently intimate mixture of air and vapour 
is extremely difficult to obtain in high-speed engines, with the result that 
sooting frequently occurs. The crude benzol has also a fairly high per- 
centage of sulphur (about 1*5 per cent.), which gives to the exhaust gases an 
exceedingly unpleasant odour, but, by a process of rectifying and washing, 
this constituent can be reduced to about *5 per cent., and the exhaust 
rendered less objectionable. The normal price of crude benzol is from Id. 
to Hd. per gallon, and that of the refined spirit from 9c?. to lOd. per gallon, so 
that from the point of view of price no objection can be raised. 

The trouble at starting, experienced with other fuels, is again apparent, 
but principally in cold weather, as in warm weather it is not a great deal 
more difficult to use than are some of the heavier brands of petrol, while the 
low range of distilling temperatures it possesses, and the homogeneous nature 
of the spirit, assist carburation to a great extent. In many cases trials have 
been carried out alternately with petrol, without any alteration to any part 
whatever, with a fair degree of success, so that if the correct adjustment of 
the carburetter be made by increasing the size of the orifice, and by the 
weighting of the float, to maintain the correct height in the jet, decidedly 
better results may be anticipated. 

But the greatest advantage possessed by benzol is the greater 
mileage per gallon. From a series of trials made by Dr. Headman, 
m.c.e. f 
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an account of which was presented by him to the Royal Scottish 
Society of Arts, in April, 1910, the following results, are 
recorded : — 



Fuel. 


Specific Gravity. 


Speed in 
Miles per Hour. 


Miles per 
Gallon. 


Petrol .... 
Benzol 90 °/ . . 
Broxburn Motor Spirit 
Shale Naphtha . 
Benzol 50 °/ of and Brox- 
burn Motor Spirit 50 %• 


•720 
•880 
•704 
•740 

•858 


26-2 
24-8 
252 
26-5 

26-5 


18-8 
20-7 
181 
18-8 

18-7 



" 90 per cent." benzol is a spirit of which 90 per cent, comes over 
when heated in a retort to 250° F. 

These results might have been somewhat anticipated from the 
higher calorific value of benzol per gallon — 163,700 against 
188,960 per gallon of petrol. 

In order to obtain the best results in using benzol, the 
carburetter should be jacketed and expose large surfaces to the 
atomised spirit. 

53. Scotch Shale Naphtha. — This spirit has been mentioned in 
the preceding remarks, so it will not be out of place to add a few 
particulars respecting it. 

Shale naphtha is the name given to a spirit obtained during the process 
of distillation of shale oil after the motor spirit has been distilled. It has 
a specific gravity of about *740 at 15° C. and boils at 180° F., while nearly 
60 per cent, distils over at 212° F., thus showing that it possesses very 
desirable properties as a fuel by reason of its homogeneity. 

It is found that no difficulty whatever is experienced in starting an engine 
from cold, neither are any deposits left in the cylinder, although when the 
speed varies considerably it exhibits a tendency to miss-fire. The consump- 
tion per brake-horse power is slightly less, as is shown in the table above, 
the trials recorded having been made on the same stretch of road. The 
exhaust from an engine using this fuel is said to be less pungent than 
that from a petrol engine. 

On the whole, therefore, shale naphtha exhibits very promising 
features, and should prove a useful acquisition to the fuels more 
commonly in use. 

54. Acetylene. — The use of acetylene gas (OsHa) for power 
purposes has frequently been proposed, but never with any 



FUELS OTHER THAN PETROL 67 

commercial success, because of the extremely violent explosion 
it generates. Mr. Frederick Grover's experiments showed that 
for the proportions of air and coal gas which required 25 of 
a second to reach the maximum pressure after explosion, with 
the same proportions of acetylene and air the corresponding 
time was 0*018 of a second. One pound of calcium carbide 
will generate 5| cubic feet of acetylene gas having a calorific 
value of about 21,000 B.T.U. per lb.. 14 J cubic feet of gas weighing 
1 lb. Acetylene gas requires 12£ volumes of air for complete 
combustion. 

But acetylene gas has been successfully employed in con- 
junction with alcohol as a source of energy. It was pointed 
out that alcohol has not only a low calorific value but also a 
low flame speed, while acetylene has an extremely high flame 
speed and a high calorific value ; so it will be apparent that 
should it be possible to mix these two fuels in the requisite 
proportions a much more desirable fuel will be obtained. Not 
only so, but the difficulty experienced in starting from cold 
will also be entirely obviated, as acetylene ignites in air at 
about 500° F. Such a system has been patented in America, 
and it is said that the combination gives the same results as 
when petrol is used. The name of the gas resulting from the 
process has been called " Alkoethine." 

The procedure adopted is as follows : — An ordinary carburetter atomises 
the alcohol, and the mixture of air and alcohol passes to a chamber in which 
there is a bed of calcium carbide, through which it is drawn by the suction 
from the engine. Denatured alcohol always contains water, which, as it passes 
over the carbide, generates acetylene gas. The water, which is under ordi- 
nary conditions an objectionable constituent, now becomes necessary — in 
fact, about 15 per cent, more water is usually added— and the heat evolved in 
the production of acetylene gas is usefully employed in atomising the 
alcohol. The " alkoethine " then passes to the engine and is compressed, 
fired and exhausted in the usual manner. 

If a variation in the rapidity of explosion is desired, the amount of water 
added to the carbide is increased or decreased, according to whether it is 
desired to enrich or impoverish it. 

It is stated that the process gives perfect satisfaction in every way, but it 
has not yet been placed upon a commercial footing. 

Questions on Chapter V. 

(1) What are the reasons why paraffin is unsuitable for use in car 
engines? 

f2 
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(2) What are the principal requirements which a good fuel should 
conform with ? How does alcohol answer these requirements ? 

(3) A number of people imagine that acetylene is a probable source 
of energy for motor vehicles. Why are they mistaken ? 

(4) How can acetylene be advantageously utilised for power 
purposes ? Describe the apparatus necessary. 

(5) Is there any probability of an extensive use of benzol for motor 
car engines ? Give the reasons for your answer. 

(6) What objection is there to the use of fuel oil? What is 
fuel oil ? 

(7) State what the various fractions or cuts taken in distilling, 
say, an American petroleum consist of. Why is the production of 
petroleum spirit so limited ? 

(8) What are the advantages and disadvantages attaching to the 
use of alcohol as a fuel ? Why is a higher compression permissible 
than with petrol ? 

(9) Give some figures as to the consumption of engines burning 
petrol and alcohol, and say why these do not represent the relative 
value of the two fuels. 

(10) What substances are employed to denaturise alcohol, and what 
is their effect upon the burning properties of the mixture? 
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CARBURETTERS AND CARBURATION 



55. The Function of a Carburetter. — Carburation is the most 
important yet one of the most difficult problems which has to 
be surmounted by automobile engineers. The function of a 
carburetter is to impregnate the air with hydrocarbon vapour, 
usually either that of petrol or of one of its substitutes ; but 
the conditions under which a petrol engine is employed are such 
as to render the successful accomplishment of this duty 
extremely difficult. 

The general conditions which a good carburetter should fufil 
are : — 

(a) It should form a uniform mixture of air and hydro- 
carbon vapour, within a fairly close range of proportions of the 
two substances. 

(b) It should carburet the air to any desired extent. 

(c) It should conform with condition (a) under all the varying 
conditions of atmospheric or suction pressure, speed, tempera- 
ture, and power. 

(d) It should completely vaporise the fuel. 

The causes from which the difficulty arises in fulfilling these 
requirements are of two kinds, general and local ; the general 
applying to all carburetters, and the local to a particular type 
of carburetter; but before investigating these it will be well 
first to see what type of carburetters are now used, and then 
to examine the conditions under which they work. 

56. Types of Carburetters. — There are four types of carbu- 
retters in current practice— the mixing valve, the wick, the 
measurer, and the jet — distinct varieties of the last mentioned 
greatly outnumbering those in the other classes. A mixing 
valve carburetter is one in which the fuel is admitted to the 
seating of a valve and taken up by the air as it passes through 
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the opening, the most notable of the group being the Cadillac. 
There are, however, very few of this kind in use, as extreme 
care is necessary in the design and adjustment and in the 
arrangement of the inlet piping to ensure the best results. In 
the wick carburetter the liquid contained in a reservoir is raised 
through a bundle of wicks by capillary attraction and taken up 
by the air drawn past or through them, forming a rich mixture, 
which is afterwards diluted to the desired proportions of air 
and vapour. It is said, however, that with the spirit now sup- 
plied by the importers there is a tendency for the wicks to 
" gum " up and require frequent renewal. The Antoinette 
carburetter is the best example extant of the measuring car- 
buretter : that is, one in which the supply of fuel is regulated 
either automatically or by some mechanical device. In that 
mentioned it is drawn through a small orifice in the bottom 
of vessels placed over the inlet pipes ; but, generally speaking, 
the design is not good, as it may cause stratification of the 
gases or an insufficiently intimate mixture, and there is, also, 
some difficulty in adjusting the quantity of fuel to the ever- 
varying loads. In the spray carburetter the fuel is led to a jet, 
around or across which air is drawn by the engine, the aspi- 
rating effect of the rush of air past the jet causing the spirit 
to issue from the orifice. The jet is not necessarily formed 
by a single opening, but may have a number of holes or slots, 
while in some forms two or three separate jets are employed, 
graduated in size, in order to obtain better control of the 
proportions of air and spirit. 

The types of carburetters enumerated do not by any means 
exhaust the list, as there are several others, the best known 
being the surface, the bubbling, the pump, and the film car- 
buretters ; but from some defect or another, usually either 
selective evaporation or absence of control, they have gradually 
sunk into disuse, and it is not, therefore, necessary to consider 
them here. 

57. Floats. — In order that the normal level of petrol in the 
jet or in the wicks may be kept from rising or falling as the 
conditions vary in the passage through the carburetter, or as 
the fuel is consumed, some automatic device must be provided. 
For this purpose a float is employed, which actuates a needle 
valve through the medium of a pair of levers, the valve being 
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thereby caused to rise and admit fuel when the level commences 

to fall, and to close again when a sufficient quantity has entered. 

The actual position at which the level should be maintained will 

depend upon the type of carburetter, or, rather, upon the type 

of nozzle ; but whatever the height may be it may be obtained 

by altering the level at which the float engages with the levers. 

To raise the level in the nozzle the float must be weighted, in 

order that it may sink lower in the petrol and so delay the 

time of closing the supply valve ; 

while to lower the level the float 

must be raised, and to do this the 

height of the collar on the needle 

valve must be increased, so as to 

permit the valve to seat earlier. 

In some cases there is no float 

fitted, the necessary control on the 

supply of fuel being obtained by 

throttling or by some means of 

a like nature ; but where, as in 

the car engine, the amount of 

petrol required to be discharged 

in any given time varies between 

very wide limits, this lack of 

definite regulation cannot be 

recommended. 

The shape of the float is usually 
cylindrical, as shown in Fig. 27, 
although one or two cases are 
known where conical floats are 
employed, the object of the latter being to combat the influence 
of inclination when ascending or descending hills or when 
on the side of the road. The ideal arrangement of the float 
would be to have it surrounding the jet, as is actually the case in 
one or two examples, the inclination of the car having no effect 
on the level of petrol within the jet, but this is found to be im- 
possible in most caBes. In the Claudel-Hobson (see Fig. 81) the 
float chamber is placed extremely close to the jet chamber, as 
being the next best position. The position of the float chamber 
in the car should be to the forward side of the jet chamber, 
towards the centre of the car, so as to ensure a supply of petrol 
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when ascending hills, as when descending the mixture may be 
permitted to weaken without risk of stoppage of the car. 

In all cases a filter should he fitted before the float chamber, 
so as to prevent all possibility of foreign substances entering 
which might prevent the needle valve from closing, or cause 



FlO. :>«.— The Napier Exhaust Pressure Filter. 

stoppage of the jet orifice ; and, if possible, the supply to the jet 
should have an upward direction, to allow any dirt which may 
pass the filter to sink to the float chamber and thus free the jet. 
58. Petrol Fuel Systems. — To ensure the supply of petrol or 
other fuel to the carburetter there may be adopted one of two 
systems — the gravity feed or the pressure feed. In the former 



CARBURETTERS AND CARBURATION 73 

of the two systems mentioned the petrol flows by gravity from a 
tank placed at a higher level ; in some cases the tank is fitted 
underneath the front seats, while in others it forms the dash- 
board. In a pressure-fed system, however, the tank may be 
placed in any position that the designer desires, but usually it is 
fitted underneath the car at the rear. The advantage gained by 
the latter arrangement is that greater scope is permitted in 
arranging the chassis design, that a larger tank can be carried, 
and that a constant head in the supply pipe is obtained. But 



Fig. 29.— The Wolseley Combined Air and Oil Pump. 

there are several disadvantages to be taken into consideration. 
The first is that no matter how carefully the gases from the 
exhaust are filtered (and it is from theBe that the pressure is 
usually maintained) they have always a deteriorating effect upon 
the fuel ; that free carbon is gradually deposited in the pressure 
pipes and may eventually choke them ; and that damage ofteo 
results to the tank itself from stones, etc., thrown up from the 
road, unless special protection \b afforded. The system is, 
nevertheless, frequently fitted, and gives complete satisfaction in 
practice when reasonable care is taken to provide against these 
contingencies. The exhaust pressure filter fitted on the Napier 
pleasure cars is shown in Fig. 28. Occasionally a special air 
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pump is provided for supplying pressure to the petrol tank, and 
in such cases the objections indicated do not arise. The 
Wolseley air pump is shown in Fig. 29, and will be seen to be 
of very simple construction, the spring-loaded plunger being 
operated by the cam seen in the figure. 

* 59. Carburation. — As the jet carburetter is so largely used the 
question of carburation will be considered principally in regard 
to this type of carburetter. It has already been stated that it is 
the aspirating effect of the air, due to its velocity around the jet, 
that induces the fuel to issue therefrom. Now, if the engine 
ran continuously, at constant speed and with constant load, 
practically all sources of trouble would be avoided ; but this is 
not so, as both speed and load vary considerably. When 
travelling up a steep hill the engine is racing at full speed with 
full load; but almost immediately afterwards the car may be 
threading its way through traffic, with throttle nearly closed and 
the engine just moving round. 

The aim of carburetter designers is to produce an economical and an 
explosive mixture at all speeds and powers ; but immediately the throttle is 
moved from full opening less air will be taken by the engine, and con- 
sequently its velocity past the jet will decrease if the choke tube is 
maintained. This means that a reduced quantity of fuel will be drawn 
from the jet ; but whereas the quantity of air passing is proportional to the 
velocity of the air the quantity of petrol discharged by the jet is proportional 
to some function of the square of the velocity ; the proportion of air to 
petrol will therefore be greatly increased and the mixture weakened. This 
discrepancy in proportioning will be still further aggravated by the presence 
of inert products of combustion in the cylinder. The volume of these gases 
are virtually constant for all speeds and positions of throttle, and when a 
reduced volume of weaker mixture is taken into the cylinder there will be a 
tendeucy to prevent the formation of an explosive mixture, especially at 
high speeds and light loads, the explosive range of petrol vapour and air 
being comparatively small. Thus, a carburetter adjusted to give a perfect 
mixture at full power would be veiy defective at low powers, and con- 
verse^', one correct at low powers would be unsatisfactory at maximum 
powers. To overcome this difficulty several devices have been adopted. In 
some carburetters the jet is placed within a cone, which rises as the auction 
of the engine increases and gives a greater area round the jet, by this means 
reducing the velocity and aspirating effect of the air. In others an auto- 
malic extra air inlet is introduced in the carburetter, between the jet and 
the throttle, which opens more and more widely as the partial vacuum 
above the jet increases, admitting air in addition to that which enters in the 
usual manner round the jet. It will be obvious that any such device must 
be more in the nature of a compromise, in view of what has already been 
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stated, a better arrangement being that which is fitted to motor cycles, 
namely, a hand-controlled extra air inlet. 

Occasionally, too, one finds an attempt to vary the discharge from the jet 
in accordance with the throttle opening, and so maintain a more or less 
constant mixture strength with varying throttle openings. Such devices 
may be found in the White and Poppe and the Scott- Robinson carburetters. 
The Scott-Robinson is dealt with at length on page 85, but in the White 
and Poppe the rotating drum which forms the throttle carries a cap, which 
fits over the jet, the orifice in the cap and jet being eccentric to the drum, 
so that when the throttle is moved it also restricts the jet orifice. 

Mr. Dugald Clerk, in his paper on " The Principles of Carburetting as 
determined by Exhaust Gas Analysis," read before the Institution of 
Automobile Engineers, emphasised the necessity of correctly proportioning 
the mixture by demonstrating that " for the best results, purity of exhaust, 
and maximum thermal efficiency," the carburetter should be adjusted " so 
that the engine gives its most economical petrol consumption for a given 
power," but added that for an engine to have an innocuous exhaust 
depended upon "the nature of the adjustment made by the compensating 
contrivance working in conjunction with the carburetter." With the ideal 
carburetter this contrivance would do all that is required, but it will be 
found that at some speeds the mixture will be too rich, while at others it 
will be too weak, both conditions resulting in imperfect combustion, the 
former from insufficiency of oxygen and the latter because of the slowness 
of the rate of combustion. It will be obvious that these varying mixtures 
will have different rates of propagation of flame, making it necessary to 
alter the time of ignition in accordance with the mixture to be exploded, 
weak mixtures requiring a greater advance of spark than richer mixtures. 
Further, as the charge volume decreases by closing the throttle, the amount 
of compression will also decrease, and likewise the rate at which combustion 
progresses through the mixture. In this case also the spark lever will be 
required to have greater advance given to it if combustion is to have reached 
any degrees of completion before exhaust commences. 

But there are other local causes which militate against proper carbura- 
tion, the inertia of the petrol in the jet, for example, which especially 
affects engines having a small number of cylinders. In a four-cylinder 
engine the periods of opening of the inlet valves are such as to somewhat 
equalise the suction round the jet, but in a single-cylinder engine there is a 
period duiiug which there should be no flow of petrol, consequently when 
the inlet valve opens, some time elapses before petrol issues to carburet the 
air, and in closing a certain amount of petrol will overflow before its motion 
is arrested, causing bad carburation. The same effect will also be observed 
even in multi-cylinder engines, should the speed or the power be suddenly 
increased or reduced. 

In order to overcome the harmful effects of the inertia of the petrol within 
the jet, spirals are sometimes fitted in the passage to the jet, which restrict 
the flow of petrol. Caps are also provided for a similar purpose. They will, 
however, only be effective in preventing the d : scharge after suction has 
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ceased, and will not assist, but rather retard, the flow on induction again 
commencing. 

Of the other local factors which affect carburation the following may be 
cited : the specific gravity of the petrol, its viscosity and its volatility ; all 
of which will themselves be affected by the temperature of the atmosphere. 
The first-mentioned affects the carburation in that the level of the petrol in 
the jet will be raised or lowered according as it has a lower or a higher 
specific gravity unless the float is correspondingly adjusted, while the 
viscosity will determine the rate at which the petrol will issue from the 
orifice. But of the three factors mentioned, the rate at which the spirit is 
volatilised is perhaps the most important. When starting up an engiue it 
is well known that it is often necessary to cause an excess of petrol to flow 
from the jet by agitating the float, because the spirit does not evaporate 
quickly enough to impregnate the air with vapour, and so a larger quantity 
of petrol is required in order that a sufficient volume of the lighter fractions 
may be obtained to carburet the air. Especially is this the case in cold 
weather, when the rate of evaporation is greatly reduced and only the 
lighter fractions of the spirit come off readily. With the grades of spirit 
sold at the present day, although they evaporate fairly well when once the 
engine is started up, this difficulty is very much in evidence, and forms one of 
the points which militate against the use of some of the substitutes for 
motor spirit. A test for the volatility of a fuel is given on pages 47 and 48 
which may be used for this purpose without actually burning the spirit in 
an engine, and although its use is restricted to comparative purposes only, 
yet one is enabled to obtain a fair estimate of the vaporising qualities of a 
fuel by such means. 

* 60. The most efficient way to obtain complete combustion in the 
cylinder is to split up the fuel issuing from the jet, so as to present 
as great a surface as possible to the air, because only the lighter 
fractions of the fuel are vaporised before entering the cylinder. 
For this purpose some inventors have fitted serrated cones, flat 
pins, round pins, gauzes, and other devices ; but it is doubtful 
if any advantage is gained by so doing, as from the very nature 
of the fitting some resistance must be offered, which can only 
be overcome by the reduction of the temperature of the fuel 
immediately over the jet. 

As has already been stated, the const it uei its of petrol have different 
boiling points. They also have different vapour pressures, that is, the 
pressures exerted by the vapours of the constituents at any given temperature 
is not constant ; neither can most of these fuels exist as vapour at ordinary 
temperatures. The amount of pressure exerted, and the temperature of 
evaporation, will vary according to the degree of saturation of the medium 
in which they are exposed, so that the strength of the mixture will have a 
direct effect upon the rate at which each fuel is evaporated. The vapour 
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pressure or vapour tension of a simple gas may be calculated from the 
formula: 

760 



x = 



1 + Yd. 

where V is the volume of air in cubic metres necessary for the complete 
combustion of one kilogram of the constituent at 0° C. and a pressure of 
760 mm. of mercury and x is the density of the vapour at the same 
temperature and pressure. 

To ascertain the magnitude of a vapour pressure of a simple gas is 
therefore not difficult, but this does not hold good when complex fuels are 
considered, as if the temperature be raised sufficiently to completely vaporise 
all the constituents, it is probable that some chemical action will have 
resulted and render the conclusions arrived at quite valueless. Sorel, in 
44 Carbureting and Combustion in Alcohol Engines," described an ingenious 
method of obtaining the vapour pressure of a mixed fuel, to which the 
student is referred. 

The following table and those on pages 47 and 48 are taken 
from Mr. G. H. Baillee's paper on " Petrol and Petrol Tests," 
read before the Royal Automobile Club in May, 1908. 



Minimum Temperature at which Fuel can Exist as Vapour 
when Mixed with Varying Proportions of Air and 
Vapour in Degrees Centigrade. 



Fuel. 


20 % Less. 

— 142 


Right Amount. 



-17-7 


20 % More. 

-206 


40 % More. 


Hexane . 


• - 24-2 


Heptane . 


73 


36 


07 


20 


Octane . 


22-9 


190 


16-0 


13 


Decane . 


461 


420 


89-0 


865 


Benzene . 


— 0*7 


— 48 


- 6-9 


- 88 


Ethyl Alcohol . 


26-5 


288 


20-7 


17-8 



But when a substance alters its state, from liquid to vapour, heat is 
required to bring about the change. This may be readily observed, in 
practice, by the coating of ice which forms on the outside of a carburetter, 
showing that heat has been abstracted from the atmosphere during the 
process of carburation. The heat thus utilised is termed "the latent heat of 
evaporation," which may be denned as the quantity of heat required to change 
the condition of a substance from liquid to gaseous without increase or decrease in 
temperature. It will be seen that the effect of this necessity for additional 
heat may cause a reduction in the temperature of the mixture which will 
still further retard the formation of an explosive mixture. 
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Drop in Temperature Dub to Evaporation with Varying 
Proportions of Air and Vapour in Degrees Centigrade. 



Fuel. 


20% Less. 


Right Amount. 


20% More. 


40% More. 


Hexane 


288 


19-0 


16-3 


142 


Heptane : 


22-4 


17-9 


15-0 


128 


Octane . 


215 


17-2 


148 


128 


Deeane 


18-5 


14-8 


12-4 


10'6 


Benzene 


47-8 


822 


285 


20-9 


Ethyl Alcohol 


95-5 


768 


68-7 


546 



Minimum Temperature op Air before Evaporation with 
Varying Proportions op Air and Vapour in Degrees 
Centigrade. 



Fuel. 


20 % Less. 


Right Amount. 


20% More. 


40% More. 


Hexane 


9-1 


1-8 


-48 


— 100 


Heptane 


29-7 


21-5 


15-7 


10-8 


Octane 


44-4 


86-2 


80-8 


253 


Deeane 


64-6 


56-8 


51-4 


47*1 


Benzene 


46-6 


279 


166 


12-6 


Ethyl Alcohol 


122-0 


99*6 


84'4 


72*4 



* 61. In order to supply this heat, as well as to raise the temperature of 
the liquid fuel and to assist vaporisation, carburetters are now frequently 
warmed by passing either the exhaust gases or the circulating water through 
a jacket, and occasionally by heating the air before passing to the car- 
buretter. But although this is effective as regards these points, heating has 
the disadvantage of reducing the weight of air taken in per stroke, which is 
aggravated by the physical fact that as the temperature of the incoming air 
rises a given volume of air can take up an increasing quantity of liquid, so 
that the proportions of air to petrol will be greatly decreased. There is 
also a limit to which heating may be carried, as if raised too high it may 
cause the lighter fractions to boil within the jet, forming a gas which would 
resist or minimise the aspirating effect of tho air and so prevent carburation. 
The function of the heat supply should therefore be confined to simply 
supplying the latent heat of evaporation, as it is certain that the petrol 
drawn from the jet passes to the engine in a finely divided state, more or 
less intimately and uniformly mixed with air, and that complete evaporation 
or "gasification' 1 is not reached until after the compression stroke has 
commenced. 
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There will, of course, be some heating of the new charge on entrance to 
the cylinder by the residual gases left from a previous explosion, but it is 
doubtful if there is sufficient time for vaporisation to take place— certainly 
not for all the fresh gas which is induced. This brings in another factor — 
the time element. 

* 62. All physical changes require time for their consummation, 
and the change from liquid to gas is a physical change. The 
velocity of the inlet gas is about 100 feet per second, and 
therefore if the length of the inlet piping between the carburetter 
and the inlet valve is 1 foot, there will be xJo*th of a second in 
which to change the state of the petrol, if it is to be completed 
before entering the cylinder. This is insufficient, and even if it 
were sufficient for one constituent it would not be for another. 

August's Law for the approximate time for the complete 
saturation of a medium is : 

t = v~ natural log ^ 

where K is a constant, P the maximum vapour pressure 
corresponding to the temperature of the liquid and p the 
existing vapour pressure. 

The actual value of K is unknown, but the equation is very 
useful in finding the comparative times of evaporation of the 
constituents of petrol. 

63. Mixture Strengths. — It has been seen on page 56 that the amount of 
air required theoretically for complete combustion is 15*324 lbs. per 1 lb. of 
petrol (C7 Hi 6 ), but in practice this is incorrect, largely on account of that 
disturbing factor— the exhaust gases remaining in the cylinder. Usually 
the amount of air admitted is from 1 *3 to 1 *7 times that theoretically necessary. 

Now an explosive mixture is one in which combustion takes place with 
great rapidity. Explosive mixtures of air and petrol range from about 
10 to 1 to 20 to 1, below and beyond these limits the mixture being non- 
explosive but burning quietly. Thus it will be apparent that there must 
be a best mixture between the limits given which can only be determined 
by experiment, the best mixture being defiued as that which produces the 
greatest pressure at the beginning of the stroke and the most rapid com- 
bustion of which it is the cause. When the mixture is weakened or 
strengthened, the flame does not travel so rapidly, and consequently is not 
so effective, as a portion of the heat developed is spent in raising the 
temperature of the residual gases and the excess air in the case of weak 
mixtures, while the combustion is incomplete, and therefore less heat is 
generated in strong mixtures. 

The weakest mixture strength which is explosive depends upon the 
compression pressure, but a consideration of this is reserved till later. 
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The whole question of carburation will thus be seen to be a 
very complex matter, calling for careful consideration and 
exhaustive experiment before any measure of success can be 
hoped for. 

64. Influence of the Shape of Induction Pipes. — The first 
requisite which should be fulfilled in arranging the inlet pipes 
is that all cylinders draw their supply from the same volume of 
piping and, if possible, from the same shape of piping. Too 
often, one finds cases where this is not observed, with the 
inevitable result that one or more cylinders are starved, and 
irregular running takes place. It is most important, if all 
cylinders are to receive the same charge volume of the same 
mixture strength, to see that this is carried out. 

The next condition is that sharp bends should be avoided, as 
their presence will assuredly cause the liquefaction of the petrol 
vapour and so destroy any chance of proper carburation. With 
this object, therefore, the lead of piping should be in as direct a 
line as possible, and where bends are necessary they should have 
a large radii, or Y pieces should be inserted. 

With regard to the length of piping, this will depend somewhat 
on whether the carburetter is jacketed or not ; if it is warmed, 
the piping should be as short as possible, while if it is not, a 
longer length is advantageous, as the mixture can then abstract 
heat from the atmosphere as it passes througli the pipe to supply 
some of the latent heat of vaporisation. From the point of view 
of general utility the short pipe is always desirable, as it 
facilitates engine starting because there is a lesser volume of air 
in the pipe to draw upon, and consequently the " pull " on the 
jet is greater ; but, on the other hand, there is less time for 
atomisation of the spirit, and sudden variations in the speed of 
the engine have a greater effect upon the discharge from the jet. 

The joints in the piping should be designed so that they are 
air-tight, because the leakage of air into the piping is another 
of the fruitful causes of bad carburation at light loads when the 
suction pressure above the throttle is very high. 

65. Adjustment of Carburetter. — One of the methods adopted 
until quite recently in adjusting the carburetter was to run the 
engine on the test bench with the exhaust pipes off and then 
observe the flame issuing from the exhaust valve. When the 
tester obtained a short bluish flame, he was fairly satisfied with 



CABBURETTEBS AND CARBUBATION 81 

his adjustment ; but such a method is very crude aud the result by 
no means conclusive. With the gradual application of more scien- 
tific methods to the problems of internal-combustion engines, the 
test by analysis, which had long been carried out for the 
purpose of determining the efficiency of combustion in boilers, 
was applied to the exhaust gases from the petrol engines. 
The results of this analysis proved beyond doubt that the 
older method was very indeterminate, and now, in many up-to- 
date establishments, this newer form of testing has taken its 
place. 

The exact composition of the exhaust gases will, of 0001*86, depend upon 
the constituents of the petrol used ; but they may always be assumed to be 
hydrogen and carbon, as any other substance which may happen to be 
present will generally be of the nature of an impurity, and in such insignifi- 
cant proportions as to be quite negligible. Making this assumption, the 
exhaust gases may contain carbon dioxide, carbon monoxide, water, free 
oxygen, free hydrogen, nitrogen, ethylene and methane, the chemical 
symbols for which are CO a , CO, H a O, O a , N a , C 2 H 4 and CH 4 . Usually it is 
only necessary to ascertain the proportions of CO a , CO, and O a , as it is really 
the quantities of CO and O a that are the gases which determine the 
character of the combustion. The presence or absence of CO shows the 
degree of efficiency reached in combustion — an excess of CO and an 
absence of O indicating that an insufficient quantity of air has been admitted. 
The volume of CO should not, with a well-adjusted carburetter, exceed 0*5 
per cent. If the shortened process of analysis is followed, the volumes of 
H3 and CH 4 may be roughly approximated to by calculation, on the lines 
indicated by Mr. Horatio Ballantyne, F.I.C., F.C.S., in an appendix to Mr. 
Dugald Clerk's paper on the " Principles of Carburetting as Determined by 
Exhaust Gas Analysis." CaH 4 is practically never present in the exhaust 
from petrol engines. 

The sample of gas to be analysed should be taken from a point in the 
exhaust pipe as near to the exhaust valve as possible, in order to reduce any 
possibility of air leakage to a minimum, and so that no burning may take 
place between the exit from the cylinder and the collection in the vessel. 
Hie orifice should, preferably, be small, so that a sample from a large number 
of explosions may be obtained, and that the effect of a missfire on the 
constituents of the gas may be minimised. 

Usually the gases are collected in an aspirator bottle, which is a large glass 
vessel containing water, and having two glass tubes passing through a rubber 
stopper. One of these tubes extends to the bottom of the vessel, and has its 
outer end in communication with the atmosphere ; while the other tube ends 
level with the inside of the stopper, and is connected to a cooler, through 
which the exhaust passes from the exhaust pipe. It is advisable to reverse 
the connections for a short time before collecting any gas, and permit the 
exhaust to bubble through the water, so that it may be saturated with carbon 

M.C.E. O 
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dioxide. Iieakage of air must be provided against by coating the stopper 
and the joints in the tubing with paraffin wax. 

A sample of the exhaust gas may be collected either by syphoning the 
water from the bottle, or by allowing the pressure of the exhaust to 
displace it. 

Mr. Horatio Ballantyne has observed that the percentage of 
hydrogen (H 2 ) and methane (CH*) in the exhaust from petrol 
engines bears a definite ratio to the proportion of carbon mon- 
oxide (CO), namely, 086 and 0*12 respectively, and for practical 
purposes this will suffice. 

The reader is advised to obtain a copy of Mr. Dugald Clerk's 
paper on "The Principles of Carburetting," as it represents the 
most important contribution to the subject under discussion. 

Carburetters. — It is manifestly impossible in the space available 
to include a description of all the many types of carburetters in 
common use on motor cars, but a selection has been made which 
may be said to fairly represent the various principles involved. 

66. The Lanchester Wick Carburetter. — This carburetter is the 
sole surviving representative of the class known as wick car- 
buretters, and to the excellence of its design, the ease of control, 
and its high efficiency, may be attributed the firmness with which 
it is established upon the Lanchester cars. 

It depends for its action upon the capillary attraction of cotton 
wicks for liquids, and the physical fact that hot air will take up 
a larger quantity of vapour than is chemically necessary for 
combustion. Thus no selective evaporation will take place, but 
all the constituents of the fuel will be vaporised ; and further, by 
the addition of an extra air inlet to the outlet from the car- 
buretter, the rich mixture may be diluted to any desired extent. 
The example illustrated is that used with pressure feed to the 
carburetter, but the same principles are involved in the pump- 
feed type. 

Its construction its shown in Fig. 30, from which it will be seen to consist 
of four superimposed chambers, the lowest of which constitutes the petrol 
reservoir ; the first and third wick chambers, and the second the hot air 
chamber. The portions of the wicks contained in the uppermost chamber 
are frayed out to allow a 1'roe passage to the hot air, whilst the ends in the 
lower wick chamber are bundled together. The level of petrol within the 
lower wick chamber is maintained by means of a float, in the usual manner, 
which actuates a needle valve as is necessary in order to regulate the flow of 
fuel to the wicks. 
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The action of the carburetter in as follows : — The hot air ooUected from 
the vicinity of the exhaust pipe is drawn through the frayed ends of the 
wicks by the engine, and in its passage becomes richly impregnated with 
petrol vapour. The saturation of the heated air is facilitated, firstly, by 
the large surface of petrol exposed to the air, and secondly, by the supply of 
the heat necessary to replace that used in vaporising the fuel. The mixture 
is now so strong as to be incapable of ignition, so as it passes to the engine 



Fig. 30.— Lanchester Wick Carburetter. 

it mixes with air at atmospherio temperature introduced through the special 
extra air valve shown in the figure, and thus forms an explosive mixture. 

It will be observed, that the carburetter is not rigidly attached to the 
engine, and thus it is free from engine vibrations. 

The level of petrol in the supply tank is indicated by a special 
gange, which consists of an inverted cone, open at its upper end 
and attached to a graduated stem. Normally the cone is 
depressed, and sinku in the liquid, but when the amount of petrol 
in the tank is desired to be known, it is raised and spun between 
the fingers, in order to eject its contents by centrifugal force, and 
then allowed to rest upon the surface of the liquid. 

67. The Cl&ndel-Hobaon Carburetter. — It has been shown in 
Art. 59 that with a closing throttle the mixture strengthis reduced, 

a 2 



S4 MOTOR CAR ENGINEERING 

but in the Claude! -Hobson carburettor this tendency hum been 
corrected by means which will be subsequently explained. 

Ill construction, Pig. 31, it will bo seen to present several novel features, 

that which is most readily apparent being the incorporation of the float and 

the jet chambers in one casting, of very compact form, by means of which 

any effect that the inclination i>f the road may have upon the level of petrol 

within the jet is considerably minimised. The jet is composed of two tubes, 

the inner constituting the jet proper, and the outer forming a shroud, and 

having a closed upper end. At both the upper and lower ends of the shroud a 

number of holes are drilled, 

two rows being at the bottom 

and one row at the top of 

the shroud, and level with 

The upper end of the 
double tube projects into 
the interior of the drum 
throttle, which has certain 
portions of its circumference 
cut away in order that cer- 
tain actions may take place 
when the throttle is moved, 
as in opening or closing. 

Before considering 
the action of the car- 
buretter, it is well to 
notice that in the first 
place the petrol is heated 
before it leaves the jet, 

Fw. 31-Claudel-Hobson Carburetter. *"* wh8n a . !* ™ ™ » 
better condition for the 

reception of the heat, and secondly, that the breaking up of the 

stream of liquid issuing from the jet is effected at the jet. 

These two conditions assist greatly in causing the carburetter 

to be most efficient over a large range of speeds and powers. 

When in use the petrol passes through a filter iu the bottom of the carburetter 
into the float chamber, oud then falls to the warming chamber beneath the 
jet. It will be observed that this latter chamber is of large size, thereby 
allowing time for any impurity which may happen to have escaped through the 
filter (such as water or very finely divided particles of dirt) to settle at the 
bottom. On reaching the outlet from the jet, it is drawn therefrom, partly 
by the reduced pressure existing within the passage, and partly by the 
aspirating effect of the airwhich passes through the holes at the bottom of 
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the shroud. This latter effect is extremely small when the throttle is wide 
open, but when it is closed, or nearly so, the upper part of the shroud (being 
within the throttle) is subjected to a high suction pressure, and an added 
effect from an increased volume of air passing inside the shroud and near to 
the jet orifice, with the result that a greater quantity of liquid is drawn from 
the jet than would otherwise be the case. Thus there is a tendency to 
increase the richness of the mixture passing to the cylinder, and, con- 
sequently, the resulting mixture within the cylinder is maintained an 
explosive gas. 

In order, primarily, to provide some means whereby the mixture strength 
may be varied with a closed or partially closed throttle, a small hole is drilled 
through the body of the casting. It is shown in Fig. 31, as the smaller and 
upper of the two screws at the right-hand side of the throttle. As the 
throttle closes it uncovers the lower end of the orifice, and allows air to pass 
through the passage without passing over the jet, the actual quantity 
permitted to so enter being regulated by the small screw seen in the figure. 
There is also another device embodied in the carburetter, which permits the 
strengthening or weakening of the mixture over the whole range of throttle 
opening, namely, the larger and lower screw. By screwing in or out this 
screw gives a smaller or larger choke-tube, and so causes a greater or smaller 
velocity to be given to the air passing to the engine. To facilitate starting 
a shutter is fitted, which may be closed when desired, and produce an excess 
discharge of petrol from the jet. 

68. The Scott-Robinson Carburetter is another example of the 
constant mixture type, which in this case is attained by main- 
taining a constant air velocity past a special jet chamber, and by 
regulating the effective areas for fuel and air. 

The jet (Fig. 32) is of large bore, but has its exit restricted by a tapered 
needle attached to a weighted drum, their relative position being regulated 
by the screw shown in the figure. The drum is guided at its upper end by a 
cylinder, and at its lower end by the jet, while from the function which it 
performs in regulating the openings for air and petrol, it will be obvious 
that its weight must be a predetermined amount. At the bottom edge of the 
drum a number of small holes are drilled, axially, communicating with its 
interior, and it is through these perforations that the petrol drawn out of the 
jet passes, being taken up by the air flowing by on its passage to the 
cylinder. 

When the carburetter is not in action, the drum rests with its lower rim 
upon the shell, but as the suction from the engine increases the air pressure 
beneath raises it until there is a certain difference of pressure existing 
between that in the space below the drum and that in the spaco beneath the 
throttle, the exact amount of lift depending upon the weight of the drum 
and the volume of the charge taken per minute. Now, as the weight of the 
drum is constant, the balancing difference of pressure must be constant, and 
therefore the velocity of the air through the annular orifice between the 
drum and shell will be constant. Thus there will be a definite relation 
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between the vertical position of the dram and the volume of air taken per 
minute, or, in other words, the drum will be in equilibrium when air at a 
definite velocity is passing. 

So far the control of air only baa been considered, but as regards the flow 
of fuel it will be seen that owing to the constant velocity of the air past the 
orifices at the base of the drum, the same aspirating effect upon the contents of 



I'm. 32.— Scott -Hobinsou Carburetter. 

thedrum, end, consequently, the same artificial bead upon tbe jet, will be pro- 
duced at all engine speeds. In order to vary the discharge from the jet in 
accordance with the volume of air pressing, the effective area of the jet is 
varied by means of the tapered needle attached to the drum. As the drum 
rises or falls, permitting a greater or lesser volume of air fo pass to the 
cylinder, it moves the needle out from or in towards the jet— the effective 
area being thus automatically adjusted so that the amount of petrol ejected 
is that which is necessary to impregnate the air to the desired extent. 

The screw attached to the upper part of the needle ia for permanent 
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adjustment. In the event of the mixture being too rich or too weak, by 
screwing the part down or up the gases amy be either weakened or 
strengthened, and when once correctly ad justed the screw and needle are 
locked in position by the nut shown. 

This carburetter is heated by passing either the exhaust or the 
circulating water round the jacket surrounding the mixing 
chamber. 

69. The Lougnomare Carburetter is shown in Fig. S3, from 



Fio. 33. — Longuemare Carburetter. 

which it is seen that the essential features are an adjustable jet 
and a bye-pass. 

The petrol is led to the top of the float chamber A, passes through the 
filter F to the tapered needle valve D, and from thence through H to the 
jet. The supply to the jet is regulated by a needle valve K, which ie kept 
in contact with the lever L by a spring I. Adjustment of the jet opening is 
readily effected by the milled headed screw C and spindle M. 

The jet is placed within a choke tube N, and in line with its orifice is a 
bye-pass P, which makes connection by way of Q with a regulating bye- 
pass E. The throttle will be seen to be cut away on one edge, and to have 
a hole drilled through the centre of one side. 

Under normal running conditions, with full throttle opening, theairenters 
at X, passes round the jet, through the choke tube to the engine, and the 
outlet from R ie covered by the throttle. When the engine is throttled 
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down mid the throttle is closed, as shown by the dotted lines, air is drawn 
from the vicinity of the jet by the hollow screw P, and passes through the 
passage Q to the adjusting screw R. Air also enters by the small hole 
through the throttle. It is clear, therefore, that any degree of strength of 
mixture may be obtained by moving P nearer to or further from the jet 
while the amount of carburettod air passing to the engine can be regulated 
by the screw E. So far the maximum and minimum positions of throttle 
opening have lieen considered, but it is obvious that as soon as the outlet 
from the bye-pass is disclosed, air will be drawn through Q, and assist in 
enriching the mixture, so that over all positions of the throttle the effect of 
the bye-pass will be felt — the degree of enrichment gradually increasing 
until the throttle completely closes. 

Thus the jet-adjusting device regulates the strength of mixture passing 
to the engine over the entire range of opening, and P gives an increasing 



Fib, 34.— Trier and Martin Carburetter. 

mixture strength with n closing throttle, while, R controls the amount of the 
mixture which passes through the bye-pass. 

Attention is drawn to the filter, which can l>e readily examined for 
cleaning by unscrewing the nut head E, and which permits any sediment 
to collect around the bottom without impairing its efficiency. 

70. Trier and Martin Carburetter. — This carburetter, Fig. 84, 
is of the multiple jet type, having three jets K of graduated size 
which are brought into action by moving the throttle B. 

The throttle has two diameters, the larger being the air throttle and the 
smaller the petrol throttle. In the circumference of the larger diameter 
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shaped holes are cut as shown in Fig. 34, which give a very fine control at 
low speeds. The main air supply is via the holes E in the end plate, which 
is provided with a permanent adjustment, and over the jets K in the choke 
tube through C to the engine. The ejection of the petrol from the jets is 
assisted by the air, which enters through small holes drilled through the 
casting near the base of the jets (not shown). These holes enable a very fine 
degree of proportioning to be obtained, as it is not necessary for any one jet 
to be fully exposed in order to come into play ; but as soon as the end of the 
piston C uncovers the edge of the recess in which the jet is placed, carbura- 
tion commences at that jet. In order to correctly proportion the amount of 
air to petrol, an extra 
air inlet is provided at 
G, so that as the throttle 
opening increases and 
the jets come into opera - 
tion,extra air is admitted, 
which passes through the 
openings in the end of 
the larger diameter of the 
throttle of the engine. 

At high speeds, when 
the throttle is nearly 
closed, the extra air inlet 
G is covered by the 
throttle, but as there 
will then be a greater 
suction head within the 
throttle, this will cause 
an excessive quantity of 
petrol to be discharged 
by the end jet. For the 
purpose of diluting the 
mixture, an automatic 
air inlet D is fitted which 
consists of a closely coiled 
helical spring, upon the inner end of which a brass cap is soldered. As soon 
as the speed rises and the suction in this chamber exceeds a certain amount, 
this inlet opens and admits air. 

Thus the jets and the main extra air proportion the mixture over higher 
powers and the automatic extra air at the lower powers. 

Beady access is gained to the jets for cleaning by removing a cap, secured 
to the main casting by a milled screw. 

71. The Brown and Barlow Carburetter is shown in Fig. 35. 

The jet D 1 will be seen to be separate from the main casting, and is placed 
within a choke-tube formed by two copper coned sleeves F, which are kept 
apart by the springG. 




Fig. 35. — Brown and Barlow Carburetter. 
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Air passes through the inlet E past the jet D> through the throttle H to 

the engine. The throttle is of circular form, and is kept upon its seating by a 

spring, as shown. As soon as the suction from, the engine exceeds; a certain 

predetermined amount, the automatic air-valve E comes into operation, 

and relieves the pressure 

by permitting extra air 

to enter the carburetter 

through the holes N. By 

accurately adjusting the 

pressure upon the spring 

L, which is effected by 

means of the screw If, it 

will be seen that vwious 

.2 degrees of opening for 

S air can be obtained, and 

;™ thus the mixture may be 

a diluted to the desired 

"g extent. For very slow 

■fi> "lining there is a saw- 

g cut (not shown) in the 

>3 throttle II, so that a small 

h amount of gas can pass 

. | even with the throttle 

-£ A point of merit in the 

5 design is the provision for 

» placing the float chamber 

■£ and main air inlet in any 

■ '? position. It should also 

fi be noted that the passage 

m for supply of petrol to the 

V jet is drilled out of the 

aj solid, and that a small hole 

. P is drilled in the caat- 

« ingto allow petrol, which 

overflows from the jet 

when the car is eased 

quickly, to escape. 

72. The Polyrhiie 
Carburetter. — This 
carburetter, which 
has obtained a high 
degree of efficiency of a large range of speeds and powers, is illus- 
trated in Figs. 86 and 37. Its construction ie quite unlike that 
of any other carburetter, in that there are no jets in the ordinary 
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meaning of the word, but a large number of fine stotH which 
open out into the mixing chamber. 

The petrol rises from the float chamlier (Fig. ."(") through the passage 
shown to a comb. This comb is held between two flat platen, and is seen in 
Fig. .'S6 secured by five screws. The outlets from the teeth of the comb are 
not, however, the full width of the space, but are narrowed so as to present a 
row of fine holes to the air entering the carburetter. Within the mixing 
chamber (Fig. 36) there is a piston, which in connected by a hollow tube 
to another piston working in a larger annular space, closed at the end. A 
spring is fitted to restore the pistons, an necessary, and a tongue piece ia 
attached to the smaller diameter piston, which moves over the throat (see 



Fig. 37.— Polyrhoe Carburetter : Cross Section. 

Figs. 36 and 37). The throttle valve for regulating the speed of the engine 
is shown in Fig. 36. 

Now whentheengine is running, the pressure in the mixing chamber, an d, 
therefore, that in the space between the larger piston and the blank end of 
the carburetter, is below that of the atmosphere ; consequently the unbalanced 
pressure causes the piston to move to the left, uncovering a length of the 
throat and exposing a number of the jet openings to the entering air. The 
remaining jet openings, as no air passes by their orifices, play no part in the 
carburation. But the quantity of airentering the engine, and the length of 
the throat, are both dependent upon the difference of pressure on the two 
fades of the throat, although to a different degree ; and as the jets in operation 
are proportional to the length of the throat disclosed, there will therefore be 
a relation between the quantity of air passing and ihe quantity of petrol 
issuing from the jet. It is not difficult, then, to see that it is possible to so 
adjust the areas that practically the correct projmrtions of aii and petrol are 
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maintained over all speeds of the engine. This was indicated in the tests 
recorded in the Automotor Journal of August 13th, 1910, where the per- 
centage of CO never exceeded 8 per cent, over a largo range of speed < 
and loads. 

The regulator slide seen in Fig. 37, is operated by a Bowden wire attach- 
ment from the dashboard, and compensates for the varying conditions of the 
atmosphere and the quality of the petrol only, by altering the width of the 
throat. To strengthen the mixture the width is narrowed, and to weaken 
it the width is increased. The speed of the engine is controlled, as usual, by 
the throttle shown in Fig. 36. 

Questions on Chapter VI. 

(1) Name several types of carburetters and give the principles upon 
which they are operated. 

(2) What are the reasons why perfect carburation at all speeds and 
powers is so difficult to obtain ? 

(3) What devices are employed to remedy the defects you mention 
in Question 2 ? 

(4) Sketch a pressure-fed fuel system, showing the lead of pressure 
pipes and where niters are placed. 

(5) What are the relative advantages of a pressure-fed and a 
gravity-fed fuel system ? 

(6) Show the construction of three different types of carburetters 
and explain in what manner the variations in the amount of air taken 
to the engine is allowed for. 

(7) What object is there in heating the air which passes to the 
engine ? To what extent should heating be permitted ? 

(8) Sketch and describe some form of carburetter in which there 
are no moving parts, but where variations in the amount of air passing 
are automatically allowed for. 

(9) Explain, with the aid of sketches, the action of a modern type 
of carburretter. 

(10) How would you determine whether the combustion in an 
engine was complete or not ? 

(11) In what manner does the float regulate the height of petrol in 
the jet ? 

(12) What percentage of carbon monoxide would you expect to 
find in the exhaust from a petrol engine which was using (a) strong 
mixture, (b) weak mixture, (c) correct mixture ? 

(13) Why is it that combustion is not complete in very strong or 
very weak mixtures ? 

(14) Upon what principles does the Lanchester wick carburetter 
operate ? 



CHAPTEE VII 

THERMODYNAMICS OF THE PETROL ENGINE 

*73. Fundamental Laws and Definitions. — Before proceeding 
with the subject now under review — the thermodynamic principles 
of the internal-combustion engine — it will be well first to examine 
the fundamental laws and definitions upon which these principles 
are based. 

The Unit of Heat. — The British Thermal Unit is the amount 
of heat required to raise the temperature of 1 lb. of water 
through 1° F., when at its maximum density, 89° F. ; but it 
is sufficiently accurate for engineering purposes to take the rise 
of 1° at any temperature. 

The Centigrade heat unit is the amount of heat required to raise 
the temperature of 1 lb. of water through 1° G. when at 
its maximum density, 4° G. 

The French Calorie is the amount of heat required to raise the 
temperature of 1 kilo, of water through 1° G. when at its 
maximum density. 

One B.T.U. = 18 C.H.Us. 

One French Calorie = 8-968 B.T.U. 

Specific Heat. — The specific heat of a substance — fluid, solid or 
gaseous, is the ratio which the amount of heat required to raise 
the temperature of a given mass of that substance through 
1°, bears to the amount required to raise an equal mass of 
water through 1°. 

It is desirable to note in this connection that Eegnault 
demonstrated that the specific heat of gases increases as the 
temperature rises ; and further, that it varies according as the 
gas is maintained at constant volume or at constant pressure. 
From Begnault's experiments, the value for air at constant 
pressure is '2875 and at constant volume '1091. 
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Boyle's Law. — If the temperature of a gas remains constant, 
then the pressure varies inversely as the volume — that is PV is 
constant where P and V are respectively the absolute pressure 
and volume of a given weight of gas. It should be observed that 
the curve representing this relation is a hyperbola. 

Charles' Law. — If the pressure of a given mass of gas remains 
constant, then the volume will increase by a definite fraction of 
the volume at 0° G. for each degree rise in temperature. The 
fraction by which the volume is increased, is for Centigrade 
units 2^3 and for Fahrenheit units ^J^, and is termed the 
" coefficient of expansion," the values given being correct 
within practical limits. 

Thus, if a represents the coefficient of expansion and the 
volume at 0° C. is V then the volume V at t degrees will be : 

V = Vo (1 + a t). 

Similarly, if a gas be kept at constant volume, the pressure 
will increase by a definite fraction of its pressure at 0° G. and the 
equation defining the relation between the pressure of a gas at 
0° C., with the same mass of gas at t° C. is : — 

P = P (1 + a t) 

Absolute temperature. — By Charles' Law, when a gas is heated 
at constant pressure, it expands by ^^rd of its volume at 0° C. 
for each degree rise in temperature, so that if a gas could possibly 
1)6 cooled down sufficiently, and the law held good throughout the 
whole range of temperature, a point would be reached at which 
its volume would vanish. This temperature is — 278° C. or 
— 461° F. and is known as the absolute zero of temperature. 

Absolute temperatures are, therefore, the Centigrade tempera- 
tures plus 278 or the Fahrenheit temperatures plus 461. 

* 74. To combine Boyle's and Charles' Laws. — In practice these 
ideal conditions of constant pressure, constant temperature or 
constant volume do not exist, so it becomes necessary to obtain 
some expression which will determine the relation between these 
three variables. 

Now, if P, P , be the pressures exerted by a given mass of 
gas, which has volumes at those pressures of V, Vi, by Boyle's 
Law : — 

Po \i = PV 

PV 
and Vi =-T > ■ 
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Then, if the temperature of the gas is reduced to 0° and Po 
remains constant, by Charles' Law : — 

Vx = V (1 + a t) 

where V is the new volume and t is the temperature of the gas 
when the pressure and volume are P and V respectively. 
But since a is the coefficient of expansion of the gas . - 

= ^=o for Centigrade units 

by substituting this valve of Vi in the original equation 

PV = P„V„(l + ^) 

= ^"(278 + t) 

But P V = Po Vo = constant for any given mass of gas kept 
at constant temperature. 

Po Vo 

So that ° is a constant = R 

and as (273 + t) is the absolute temperature a gas at a tempera- 
ture t° C. 

P V = constant X absolute temperature = R T 
This may be written in the general form — 

PV _PiVi 

T "" T x * 

P V 
since -==- = R. 

This method of using absolute temperatures often facilitates 
calculations, as it eliminates negative values. 

* 75. The First Law of Thermodynamics. — " Heat and energy 
are mutually convertible and Joule's Equivalent (J) is the rate of 
exchange." That is to say, heat requires for its generation and 
produces by its disappearance a definite number of units of work 
per unit of heat, the rate being 774 ft. lbs. of work per 
B.T.D. This is termed Joule's Equivalent, because it was 
originated by him, although the value which he placed upon 
the rate of exchange was 772; later experiments have, 
however, ascertained that the figure quoted previously is more 
correct. 
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Second Law of Thermodynamics. — " It is impossible for a self- 
acting machine unaided by any external agency to convey beat 
from one body to another at a higher temperature " (Clausius). 

This defines the limit of heat efficiency — ~ — - where T and Ti 

are the initial and final absolute temperatures of the substance 
used in the engine, as this represents the proportion of the total 
heat abstracted in the engine. 

* 76. Internal and External Work. — When a gas is heated, the 

| v i 




Fig. 38. 

units of heat are absorbed in two directions ; firstly, in raising 
the temperature and expanding the gases, and secondly, in over- 
coming the external resistance to expansion — the former being 
known, as internal work and the latter as external work. 

If a gas expanded or compressed without doing external work, 
and there is no loss from conduction or radiation, its temperature 
remains constant. The curve showing the relation between 
pressure and volume under such conditions is an " isothermal 
line," the operation being an -isothermal expansion, and the 
equation of the curve is PV = a constant, where P is the absolute 
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pressure of a volume V. But when both external and internal 
work is done at the expense of the heat energy of the gas without 
gain or loss of heat from or to external sources, the expansion 
curve is an " adiabatic " having an equation PV* = constant, 
where n is the ratio which the specific heat at constant pressure 
bears to the specific heat at constant volume. It will be apparent 
that the heat available during isothermal expansion is in excess 
of that during adiabatic expansion by the amount of heat required 
to overcome the external resistances, and thus the curves will be 
as represented in Fig. 88 where A is the line representing iso- 
thermal expansion and G represents adiabatic expansion. Both 
curves, it will be seen, have a common origin, but the adiabatic 
curve falls below the isothermal curve. 

The work done during isothermal expansion is represented on 
the diagram by the area enclosed by the curve and is equal to : — 

PV l0g e ^. 

Vi 
But-y = r = the ratio of expansion of the gases, so that the 

work done = 

PV log e r = RT log e r, 
since PV = RT. See Art. 74. 

The work done during adiabatic expansion, assuming absolute 
zero back pressure = 

pv - Pi Vi geeF . 

n — 1 ° 

If, however, the absolute temperature of the gas at the com- 
mencement of the expansion is represented by T and that at the 
end by Ti, then (PV - PiVi) may be written R (T — T x ) and 

the expression becomes 

_ R (T - Ti) 

"~ n- 1 - 

When heat is supplied to a gas kept under constant pressure, 
internal and external work is done. The heat absorbed in 
expanding the gases — the external work = P (V — Vi) = 
R (T - T x ) since PV = RT. 

Further, the total number of heat units used = G p (T — Ti) 
from the definition of specific heat, as (T — Ti) represents the 
change of temperature and C p the specific heat at constant 
pressure. 

M.C.E. H 
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The heat units utilised in raising the temperature and in 
expanding the gases are therefore : — 

Internal work = C p (T - TO - R (T - T x ). 

But if heat is imparted to a mass of gas kept at constant 
volume, only internal work will be done, which will be equal to 
the specific heat at constant volume multiplied by the change of 
temperature, that is C p (T — Ti). 
Hence C„ (T - Ti) = C, (T - Tj) - R (T - T x ) 

C r = C p — R 
and C p - C„ = R. 

* 77. The value of n. — The expression for the curve of pressure 
in an adiabatic expansion is PV n = constant. 

The work done during such an expansion may be written : — 

External work = R (T ~ Tl) 

71 — 1 

Internal work = G v (T - Ti) 

/. Total work = R (T ~ Tl) + C„ (T - Ti) 

n — 1 r 

But R = (Cp - C r ) 

/. Total work = (T - %) (nGc " C ^ . 

n . — 1 

But the expansion has been carried out without any transfer 
of heat from or to the cylinder walls. 

/. heat supplied = (T - Ti) ^'"-^ 

and since there has been a change of temperature, (T — Ti) is 
tangible. ^ n C r - C p = Q 

n — 1 
that is n C r — Cp = 

n C t , = Cp 

Cp 
n - c; 

78. Given a perfect gas, the value of n, or rather its mean 
value derived from the specific heats of the substance when its 
temperature is changed from T to Ti, could be ascertained with a 
large degree of accuracy, but in practice this is impossible on 
account of the influence of the loss of heat by radiation and to 
the cooling water, the complex constituents of the mixture, etc. 
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upon the working substance. Further, the speed of the engine 
will also affect the pressure during the expansion, this being 
greater with high piston speeds (the same charge volume being 
considered), so it is desirable to always obtain n from an indicator 
diagram. 

Appended is a table showing the specific heats of various 
gases : — 

Specific Heats of Gases. 





Chemical 
Symbol. 


Specific Heat. 


p 


Gu. 


Constant 
Pressure. 


Constant 
Volume. 


Ratio zIL 

Cv 


Air . 
Oxygen . 
Nifcrogen . 
Hydrogen . 
Marsh Gas 
Ethylene . 
Carbonic Oxide 
Carbonic Acid . 
Steam 


N a 
H 9 
CH 4 

C2H4 

CO 

co 2 

H 2 


•2375 
•2175 
•2488 
3-406 
•5929 
•404 
•245 
•216 
•480 


•1691 
•1551 
•1729 
2*419 
•4505 
•882 
•173 
•171 
•869 


1-408 

1-408 

1-41 

1-41 

1-317 

1-217 

1-416 

1-263 

1-801 



* 79. To find the value of n. — To determine the value of n 
from an actual diagram, the pressure and corresponding volume 
at any two points upon a curve representing either the expansion 
or the compression of the gas should be noted. Then if P and 
Pi, V and Vi be the observed pressures and volumes : — 

PV* = PxVi n 
so that log P + n log V = log Pi + n log V x 

n log V - n log Vi = log Pi — log P 
log Pi - log P 



and 



n = 



log V - log \Y 

This value n will only be a mean value, because the change in 
the specific heats of the gas as the temperature rises or falls, as 
well as the variation in the heat loss to the cooling water from 
the differences of temperature and cylinder surface exposed to 
the gases, will cause the rate of increase of pressure to vary 
throughout the stroke. It is, however, sufficiently accurate for 

h 2 
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all practical purposes. The value of n will generally lie between 
1*15 and 1*8, being slightly greater on the compression curve 
than on the expansion curve. 

When selecting the points on the curve at which the pressures 
and volumes are taken it is advisable to take them some short 
distance from the ends of the stroke, as on the compression stroke 
the firing of the mixture causes the pressure to rise before the 
in-centre is reached ; while on the explosion stroke, the opening 
of the exhaust valve permits the pressure to fall somewhat before 
the piston arrives at the out-centre. 

80. Temperature in Adiabatic and Expansion. — From the 
formula derived from the combination of Charles' and Boyle's 
Laws, it was seen that PV = RT, but this relation is only of 
service for perfect gases under ideal conditions and is subject to 
considerable error when applied to actual practice. It therefore 
becomes necessary to obtain an expression which will take into 
account the same factors as were found to affect the value of n 
in adiabatic expansion. On p. 97 it is seen that : — 

PV* = PxV*! 

and (IJ = * 



Multiplying both sides by f y) 



(■ 



y\) ~ PV BT' 

where T and Ti are the absolute temperatures when the piston 
is on its in-centre and out-centre respectively, 

therefore RTi = W^ )" *• 

V 
But y- is the ratio of the expansion or compression = r. 

*■ = <T- 

Therefore, the temperature on the out-centre is equal to the 
product of the temperature on the in-centre and the reciprocal of 
the compression or expansion ratio raised to (n — l) th power. 

* 81. Combustion. — When the charge has been compressed in the 
cylinder, the act of firing causes the fuel to burn, giving out heat 
and raising the temperature of the gases. The heat units liberated 
are those due to the chemical combination of the air and petrol 



Hence 



» • » - 
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vapour, and knowing the weight of petrol admitted per stroke it 
is easy to find their value if complete combustion takes place. It 
would not, therefore, be apparently a difficult matter to calculate 
the rise of pressure due to this liberation of heat, since the con- 
stituents of the gases are known with a fair degree of accuracy. 
But in actual practice this is not so, because it is by no means 
certain that the burning which takes place is completed at or 
near the end of the stroke ; in fact, it may be fairly assumed, with 
some substantial grounds for the assumption, that the burning 
continues throughout the stroke — being often even then uncom- 
pleted. Further, there must be some heat loss to the walls 
surrounding the gases, the amoutit of which it is difficult to 
estimate, because of the extreme rapidity with which explosion 
is effected and the high temperatures which are reached in the 
petrol engine. 

Then again, if the temperature of a complex gas is raised it 
undergoes a change in its chemical constitution due to the 
decomposition of the chemical combinations. These changes 
necessitate the abstraction of heat from the gases, and prevent 
the rise of temperature being so great as might otherwise be the 
case. For example, w T ater vapour produced by the combination 
of hydrogen and oxygen, commences to split up into the two 
constituents at about 1,700° F,, although these gases re- 
combine at the lower temperature reached during expansion. 
This is termed dissociation. 

There is also the question of the increase in the specific heat of 
the gases. It has been already observed that as the tempera- 
ture to which a gas is subjected is increased, so. also do the 
values of the specific heats ; consequently a greater quantity of 
heat will be required to raise the temperature through one 
degree rise of temperature. 

It will therefore be clear that the determination of the 
explosion pressure from theoretical considerations cannot be 
effected, especially when the discrepancy amounts to so much as 
it actually does. Mr. Dugald Clerk has found that although the 
theoretical temperature of combustion of hydrogen in air should 
be over 4,000° C, the actual temperature was only 1,900° C. 

It is probable that the reason for this loss is a combination of 
these various factors. Mr. Dugald Clerk believes that the failure 
to reach the theoretical temperature is due partly to the increase 
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of the specific heats and partly to the after-burning of the 
charge ; while Mr. Wimperis suggests that it is probably due to 
the combined action of cooling and the increase of specific heats. 

The reader would be well advised to further extend his 
knowledge by a perusal of Mr. Dugald Clerk's book on " The 
Gas, Petrol and Oil Engine " and " The Internal Combustion 
Engine " by Mr. Wimperis. 

Questions on Chapter VII. 

(1) What are Boyle's and Charles's laws ? 

(2) What do you understand by isothermal expansion ? 

(3) The compression ratio used in an engine is 4*5. If the tem- 
perature of the gases in the out-centre is 450° F., what will be the 
temperature of compression? Take n = 1*2. (Answer .= 769-6° F.) 

(4) What should be the compression ratio of an engine in which 
the compression pressure is 100 lbs. per square inch absolute, if the 
pressure at the commencement of the compression stroke is 13£ lb. 

Q 

per square inch absolute? Assume that - ? = 1*28. (Answer = 4*78.) 

(5) Using the diagram shown in Fig. 44, in which the ordinates 
are to a scale of 1 in. = 100 lbs. find the value of n for the expansion 
curve. (Answer ■- T05.) 

(6 What is the specific heat of a gas ? Show that the value of n 
in an equation of the curve for an adiabatic expansion is the ratio of 
the specific heat at constant pressure to that at constant volume. 

(7) Combine Boyle's and Charles's laws. 



CHAPTER VIII 

HORSE-POWER 

82. What is Horse-power ? — Considerable confusion frequently 
exists, especially in the non-technical mind, as to the difference 
between " work " and " power," which is largely due to the fact 
that the use of the words is not always restricted to their proper 
application. 

" Work " is done in overcoming a resistance to motion 
through a certain distance, as when lifting x pounds through 
y feet or in drawing a car along a road through a distance D feet 
against a resistance of F lbs. per ton. The measure of the 
work done in ft.-lbs. is the product of the force applied in 
lbs. and the distance through which it moves in feet, and is 
quite independent of any time factor. 

" Power " is the amount of work done in unit time or the 
rate of doing work. The unit of power is the " horse-power," 
and an engine is said to be developing one horse-power when it 
performs 83,000 ft.-lbs. of work in 1 minute. 

When applying this rule in practice, however, it is found from 
considerations, either of expediency or of convenience, to be 
necessary to prefix another word, which will limit its meaning 
and exactly specify how the power is measured. There have 
therefore, been evolved the terms — " Indicated Horse-power," 
" Brake Horse-power," " Electrical Horse-power," and " E.A.C. 
Rating," all of which exactly express how the power is obtained. 

83. Indicated Horse-power. — The indicated horse-power gives 
the actual power developed in the cylinder, and takes account of 
the compression pressure, strength of mixture, the time taken to 
obtain maximum explosion pressure, the effect of burning of the 
charge during expansion, the cooling losses, leakages, etc., in 
fact, all factors which affect the charge volume of the gases in 
their passage through the engine. 

To find the indicated horse-power of an engine it is first 
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necessary to obtain an indicator diagram from the cylinders. 
This may be done either by a piston indicator or a flashlight 
indicator, but generally, it may be stated, the former is 
unsuitable on account of the effects of the inertia of the recipro- 



FiO. 39. — Mclnnos Dobbie Indicator. 

eating parts, looseness or friction at the joints and the piston, 
the stretching of the actuating cord, effect of long passages 
between the piston and the cylinder, and the high tempera- 
tures to which the spring is subjected. In an indicator illus- 
trated in Fig. 89 these factors which militate against the use 
of the type have been reduced to a minimum. 
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It will be seen to consist of a cylinder, in which a piston V attached to a 
parallel motion G reciprocates. The parallel motion multiplies the piston 
travel six times, and has at its free end a pencil which moves in a straight 
line vertically, exactly reproducing the movement of the piston. The 
piston is of special construction, and is of case-hardened steel. It is turned 
from the solid, and the central space affords accommodation for any grit or 
dirt which may enter the cylinder, removing it from the cylinder walls and 
preventing tearing and friction. The piston rod S has a collar fixed upon 
it for the receipt of the spring, the latter being screwed on this collar and 
also on the upper cap N. The paper drum is carried upon a frame D, and 
is rotated by the cord running over a pulley as shown, the tension in the 
cord being produced by the spring A attached to the drum. The connection 
with the engine cylinder is made by a cock to which the indicator is secured 
by the nut Y. 

When connection is made with the engine cylinder, the pressure acting 
upon the piston V causes the piston rod to actuate the parallel motion. At 
the same time, the paper drum receives a rotary movement from some 
reciprocating portion of the engine, which exactly reproduces on the paper 
the motion of the engine piston. Thus there are the two motions — the 
vertical movement of the pencil recording pressures and the rotary move- 
ment of the drum recording piston displacements — which, combined, 
produce the indicator diagram such as is shown in Figs. 38 and 42. 

84. Hopkinson Flashlight Indicator. — The great advantage 
attaching to the use of optical indicators is that, the sources of 
error pointed out above are avoided entirely, on account of the 
extremely small weight and movement of the moving parts. The 
diagram is traced out by a spot of light reflected from a small 
mirror that travels so rapidly as to appear as a continuous 
line. 

Fig. 40 is a drawing of the instrument partly in section. The block A 
screwed J in. Whitworth thread is screwed into the ordinary indicator hole 
of the engine. The frame B fits over the block, sufficient clearance being 
left to provide for unequal expansion. The frame is held up by a spring into 
engagement with the lower face of the nut C (screwed to the top of A), a 
ball-race being interposed so as to admit of easy rotation of the frame about 
the axis of A. 

The spring D is a piece of steel strip resting in grooves at the end of the 
frame B, and held by the springs £ £. The spring is slightly bowed before 
insertion in the frame, so that when the screws £ £ are screwed home, the 
spring is held straight with slight pressure on the four points of support. 

The piston F slides in a bore in the block A. At the top it is provided 
with a hook G, the opening of which is slightly larger than the thickness of 
the spring. The piston is thus free to move laterally, and no binding 
action is possible between it and the sides of the bore, such as would occur 
if the piston were rigidly attached to the spring. Three pistons are supplied 
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with the instrument, the areas being in the ratio of 1, 2, and 4. There are 
two springs which are ground so that their stiffnesses are in the ratio of 1 
to 5. A wide range of i-en-ibility is thus obtained. The smaller pistons tit 
inside liners which are inserted in the bore of the block A. 

The mirror II is clamped to a steel spindle I, the ends of which are 
pivoted in small holes in the vertical spring cheeks J J. The motion of the 
spring I> is communicated to the spindle and mirror by means of the piece 
of vertical spring K. The lower end of this spring is held firmly on the face 




Fio. 40.— Ilopkinson Flashlight Indicator. 

of the main spring D by means of the jaws L ; the upper end is firmly 
damped to the arm M, which projects at right-angles from the mirror 
spindle. 

The spring K, while sufficiently rigid to transmit the motion of the main 
spring to tho end of the arm M without buckling, is flexible enough to 
allow for the angular motion of that arm. Tho mirror is thus turned about 
tho axis of the spindle by an amount which is proportional to the displace- 
ment of the main spring I), and Iherefore to the pressure under the piston. 

In order to give the other motion to the mirror, the frame B is positively 
i'nnni'1'ti'd by liiiknge to a reciprocal ting part of 1he engine, and is thus 
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caused to rock as a whole about the axis of the block A. The motion thus 
given to the frame IS must be in phase with and proportional to the piston 
motion. 

For making the diagram visible a simple and neat form of 
photographic camera of light weight is made, which is clamped 
on to the indicator in the mirror shown in Fig. 41. A concave 
mirror is used in this case, which forms an image of the source 
of light upon a ground-glass screen. The screen may be replaced 
by a photographic plate and a record of the diagram thus 
obtained. Fig. 42 shows a diagram produced by this method. A 
very small and brilliant spot of light is obtained by the use of an 



FlO. 41.— Camera, 

electric lamp filament placed behind and at right angles to a fine 
slit. Quarter-plate slides are employed. 

85. Mean Effective Pressure. — The mean effective pressure is 
the mean of the pressures acting upon the piston during one 
cycle of operation in the cylinder. No account is, however, 
taken of the pressure upon the piston during the suction and 
exhaust strokes, because of the extreme difficulty of accurately 
measuring them. 

To find the mean effective pressure Dr. Watson recommends 
that the length of the diagram be divided into 20 equal 
parts and the mean height of each part measured. The mean 
height is the vertical distance between the lines representing 
the pressure during the explosion and compression strokes. 
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These mean heights are added together and divided by 20 
(thus obtaining the mean height of the diagram) and then multi- 
plied by the scale of the spring used in the indicator. The 
numerical value thus obtained is the mean effective pressure in 
the cylinder during any one cycle. 
If n = the number of cylinders, 

P = the mean effective pressure in lbs. per square inch, 

L = the length of stroke in feet, 

A = sectional area of piston in square inches, 

N = the number of explosions per minute, 
then PLA is the work given out on the explosion stroke, 
minus the work absorbed on the compression stroke in ft.-lbs., 



Fib. 42. 

and aB there are N such operations per minute in each cylinder, 
then PLAN represents the number of ft. -lbs. of work done per 
minute in each cylinder. 
n PLAN 
83,000 
by the whole engine. 

But it is not always convenient to ascertain the indicated 
horse-power, as special connections must be made to the cylinder, 
and gearing is necessary in order to reproduce the path of the 
piston on the indicator diagram, so that this method of measuring 
the power of an engine is frequently dispensed with entirely, and 
only the actual power given out by the engine is measured. The 
lack of information resulting from this method is not so detri- 
mental to the manufacturer as might be anticipated, as, knowing 
the full performance of an exactly similar type or design of 
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engine, the actual experimental result which may be anticipated 
can be very approximately determined, and this for ordinary 
commercial purposes is all that is required. 

86. Actual or Effective Horse-power. — As is fairly obvious, 
although a certain horse-power may be developed in the cylinder 
of an engine, it is not possible to obtain this same amount of 
power at the coupling, as there 
must be some losses from the 
friction of the pistons and other 
moving parts ; some power 
must be used in operating the 
valves, pumps, etc., in drawing 
the charge into the cylinders 
and in pushing out the products 
of combustion. 

This power, which is that 
actually given out by the engine, 
is termed the effective or brake 
horse-power, and, as will be seen 
later, is used in conjunction with 
the indicated horse-power to 
obtain the mechanical efficiency 
of the engine. 

The method adopted for the 
measurement of the effective 
horse-power is by means of a 
dynamometer, which may be of 
one or two classes — absorption 
or transmission. The former 
absorbs the power given out by 
the engine by means of friction, 
the heat thus generated being 
carried away either by radiation 

and conduction or by some special cooling apparatus, while the 
latter transmits the power through its mechanism. 

87. Rope Brake. — A common form of brake used for small 
powers is the rope or band brake. This consists simply of a 
rope wound once or twice round a drum or flywheel secured to 
an overhead beam, as shown in Fig. 48. A balance S, secured 
to an overhead beam, is placed on the upper end of the rope 




Fig. 43.— Rope Brake. 
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and scalepan W on the other. The scalepan is loaded until the 
engine runs at the desired speed, and the readings of the 
balance and the weight in the scalepan are then taken. 

The brake horse-power = t »o nn o where R is the 

distance between the centre of the flywheel and the centre of 
the rope in feet. 

This brake is not suitable for large powers because of the 
heating of the brake drum and because of the variation in the 



Fig. 44. — Heenan and Froude Water Dynamometer. 

friction between the rope and the drum. Some more accurate 
means are therefore desirable, and such is provided by the formB 
about to be described. 

88. Heenan and Fronde Water Dynamometer. — This apparatus 
is one of several types of hydraulic brakes, but it is one upon 
which a large amount of high-class work has been carried out, 
and powers may be very accurately and directly estimated by 
its aid. 

The dynamometer, Fig. 44, consists primarily of a turbine or 
rotator revolving within a easing, which is suitably mounted on 
friction rollers and connected to a water supply to enable the 
casing to run full of water when the machine is in use. 
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The rotator, Fig. 45, is fixed to the shaft, which projects on either side of 
the casing, and to which the engine to be tested is coupled. Engines of 
either direction of rotation can thua be tested on the one machine. Each 
disc face of the rotator is formed with a semi- elliptical annular channel, see 



Fig. 4o. — Section through Heenan and Froude Water Dynamometer. 

Fig. 46, divided into a number of compartments by means of oblique vanes, 
and the corresponding faces of the casing have similar channels divided in 
the same way. The channels on the rotator and casing thus form two 
complete annular channels of elliptical cross- scut ion, each channel being 




FlO. 46. — Cross-section through Vanes. 

divided, an stated above, into compartments by means of the oblique 

When in action, the waterin each annular channel is rotated continuously 
by the centrifugal force imparted to it by the rotutor, and passes from one 
compartment into the next, and so on. An extremely high speed of rotation 
of the water is obtained, and the power or energy put intu the dynamometer 
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is by this means converted into heat, which passes away in the water leaving 
the machine. 

The motion of the water causes the rotator to re-act on the casing, and 
tends to turn it on the friction rollers. This is prevented by means of an 
extension or arm working between stops, at the end of which are the balance 
weights and counterbalance, by which the actual power put into the 
dynamometer is measured. 

To reduce the power absorbed by the dynamometer when required, thin 
metallic shields are provided, which are interposed between the faces of the 
rotator and the casing, thereby cutting off a portion of the effective area of 
the annular channels. In this manner the power may be reduced from the 
maximum down to about one-thirtieth of that amount. 

The horse-power given out by the engine is — qq^ where 

W is the effective weight at the end of the dynamometer arm, 
N is the number of revolutions per minute, and R is the radius 
at which the weight acts in feet. 

89. Fan Dynamometer. — This form of brake is frequently used, 
when all that is required is to show that a certain horse-power is 
given out at a particular speed of revolution, as, for example, in 
the shop testing of ordinary car engines, and the best known, 
perhaps, is the Walker Fan Dynamometer, 

The medium through which the power is absorbed, in this case, 
is the resistance offered by the air to the rotation of tw T o plates 
attached to revolving arms secured to the engine shaft. By 
previous calibration tests, the powers which the fan plates will 
absorb at different speeds and radii are known, and are supplied 
by the makers in tabular form, there being different sizes of 
plates for various powers and speeds. Before making a test the 
table is consulted, and the plate most suitable taken and secured 
to the arms at the correct radius ; then, knowing the revolutions 
made by the engine, a reference to the table will give the power 
developed by the engine. 

The disadvantage of this system of measuring power is that it 
is not possible to vary the load at any particular engine speed 
without stopping the engine, and this is often inconvenient and 
undesirable to do. With regard to the accuracy of the results 
obtained, there is no reason why these should be questioned, as 
the makers take every possible precaution to verify the calibration 
tables supplied with the apparatus. 

90. The Electrical Brake. — A method of power measurement 
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fcrhich has during recent years become much favoured, and which 
has much to commend it on account of its elasticity, cleanliness, 
and simplicity, is carried out by means of a shunt-wound dynamo 
direct-coupled to the engine. Sometimes the dynamo is belt- 
driven, but this is not desirable. 

In this arrangement, Fig. 47, the current generated by th0 
dynamo E is led to resistance coils, as shown at A, the load being 
varied by increasing the 
number of coils in the 
circuit. The shunt cur- 
rent is regulated by the 
resistance D, by means 
of which the correct 
voltage is obtained. As 
is readily seen, this 
method renders it pos- 
sible to vary the revo- 
lutions and the load 
quite independently, and 
thus obtain the flexi- 
bility which is so neces- 
sary where exhaustive 
experiments are con- 
templated. 

Before making the 
tests, the efficiency of 
the dynamo with vary- 
ing output is carefully 




Fig. 47.— Electrical Testing Diagram. 



obtained by treating the dynamo as a motor. A current of x 

amperes at y volts is passed through the dynamo, and the 

brake horse-power given out while the current is passing is 

measured. The watts put in are xy, which is equivalent 

x\i - 
to Ytc horse-power, as 746 watts equal 1 horse-power. 

Then, knowing the power given out by the dynamo to the brake, 
the efficiency of the dynamo 

TJTTT) j- -j j u X V — 746 X B.H.P. 

r? = B.H.P. divided by --77.- = 

J 74b xy 

By arranging the result of a sufficient number of tests, a 

M.C.E. I 
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diagram may be obtained which will give the value of ?; for any 
particular output. 

When the dynamo is driven by an engine, if the amount of 
current and the voltage is read from the meters B and C, the 

horsepower given out by the dynamo is ^-^ ? and as the 

efficiency of the dynamo is r), the horse-power given out by 

the engine and put into the dynamo is -— -. 

In figure A, the resistance box containing resistance coils. 

B, the ammeter to measure the current. 

C, the voltmeter to measure the voltage. 

D, the rheostat, by means of which the voltage is 

regulated. 
E is the dynamo. 
F is a fuse. 

Occasionally, instead of absorbing the current in resistance 
coils, a " bank " of lamps are employed, while in others a water 
resistance is used. The latter consists of an iron box containing 
a solution of washing soda, in which an iron plate is suspended. 
By raising or lowering the plate into the liquid the resistance to 
the passage of current is increased or decreased. 

91. Horse-power under R.A.C. Rating. — The R.A.C. formula 
was devised for the purpose of comparing the horse-powers of 
the many different makes of cars taking part in competitions, 
and to enable the prospective owner to roughly estimate the 
relative value of the powers of cars he might happen to be 
considering. 

It was based upon the assumption that the piston speed was 
approximately 1,000 feet per minute and the mean effective pres- 
sure was about 67*2 per square inch. 

But with the improvement in materials of construction and 
methods of manufacture came higher piston speeds, higher 
compressions and in some cases longer strokes, the result being 
that the R.A.C. formula no longer held good as a comparison of 

power. 

hPLAN 
Taking the ordinary I.H.P. formula as a basis ss QOO~ — 

without an actual trial the only known factors are n, L and A, 
as all the others may vary independently ; and it has even been 
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proposed to make n an unknown on account oi the extra number 
of working parts in a multi-cylinder engine resulting in a slight 
decrease in the mechanical efficiency. 

With regard to P — the mean effective pressure in the cylinder 
— it is found by experiment that as the bore increases so does 
the mean pressure increase, as there is less cooling surface per 
unit of volume in the larger cylinder ; but owing to the lack of 
adequate data, the rate of increase is not known. It is also 
affected by the areas and configuration of the pipes and valves, 
the shape of the combustion chamber, the compression pressure, 
the richness of the mixture, the type of the ignition, position 
of the plugs and many other details of less importance. 
Then, at the present time it is impossible to state what the 
absolute limit of piston speed (2LN) is, as although its mean 
value in pleasure cars is not more than, say, 1,000 feet per minute, 
yet, over 2,000 feet per minute has been averaged in the case of 
cars used in racing competitions ; and further it has been proved 
that an increase in stroke-bore ratio will allow of an increase in 
the piston speed. This will be obvious when it is remembered 
that for any given power the longer the stroke the smaller 
will be the bore and the less will be the load upon the connecting 
rod, and, as the bending stress in the rod due to its inertia will 
be but slightly affected, the weight of the reciprocating parts will 
be reduced and a higher piston speed permissible. In addition to 
this, by the use of special materials, the reciprocating parts may 
even still further be lightened. 

Thus the problem upon which the Eoyal Automobile Club, 
the Society of Motor Manufacturers and Traders and the Institu- 
tion of Automobile Engineers is engaged is not very easy of 
solution, especially as it is particularly desired to avoid the 
adoption of any formula which will tend in any way to restrict 
design or to produce freak engines. 

92. A number of the formulae proposed are appended : — 
R. A. C. 0-4 D 2 N 

Faroux 0'000525 d 2 4 N 

" 1909 "— S.M.M.T. 0-197 D (D- 1) (** + 2) N 

" 1911 "— I.A.E. 0-404 (1) + S) (I) — 1-1B) N 

Lanche&ter 0*46 D 1 ' 6 S 4 N 

Royc« 0-25 (D - £) a VS N 

1 2 
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Callender 0-167 (S + 2D - 3) N 

Burls' Valve 6S 2 (l - ^f) K 

/ — S 

Burls' Inertia 0'5D N (D - 1-18) V D m 

where D = diameter of cylinder in inches and d in millimetres 
S = stroke in inches 
N = number of cylinders 
8 = diameter of valves 
M = mass of piston and connecting rod. 
In the " 1909 " S.M.M.T. formula the constant is altered for 
racing cars to '883. This formula allows for the increase in 
piston speed with an increase in stroke-bore ratio by taking 

( -r. -f- 2 ] and a correction is applied for the greater cooling loss 

in a smaller bore engine by employing D (D — 1) instead of D 2 . 
In the " 1911 " I.A.E. formula the mean effective pressure is 

presumed to be that obtained from 130 (l - ~) lbs. per square 

inch and that the maximum piston speed is 600 (/• + 1) feet 
per minute where /• is the stroke-bore ratio. 

Mr. Burls, M.Inst.C.E., has derived two formulae, one based on 
the effect of the inertia of the reciprocating parts and the other 
upon the maximum velocity of the gases through the inlet 
pipe. 

But for the full consideration of the respective merits of^ these 
formulae, the reader is referred to the reports of the Committees 
of the S.M.M.T. on the Rating of Petrol engines and to the Pro- 
ceedings of the Institution of Automobile Engineers, Vole. III. 
and V. 

93. Horse-power at road wheels. — The resistance offered to the 
progress of a car is the summation of three variables : — 

1. Boiling Resistance. 

2. Resistance due to gradient which may be positive or 
negative. 

8. Resistance due to wind which may also be positive or 
negative. 

Boiling Resistance is the resistance offered to the motion of the 
wheel when rolling upon the ground. It has been found in 
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locomotive work that the value of this resistance varies inversely 
as the wheel diameter, and that it is independent of the speed. 
So that, applying this rule to automobiles, if two exactly similar 
cars were tested, one having tyres of 900 mm. diameter and the 
other of 1,200 mm. diameter, then the power required to 
overcome the resistance of the road should be in the ratio of 
1 ,200 to 900 — a strong argument in favour of larger diameter 
tyres. 

But in the majority of cases the diameter of the wheels 
varies so little as to render any discrimination in this respect of 
no account, especially as the values of the road resistance can 
only be accepted in the broadest sense. 

The following figures give the mean road resistance obtained 
from a number of results expressed in lbs. per ton weight of 
car : — 

Wood blocks, dry 27 

Macadamised road, hard and dry . . 30 
Macadamised road, hard and wet . . 48 
Macadamised road, treated with tar. . 24 

Asphalte at 60° F 35 

Flint and gravel, well rolled and dry . 45 
Flint and gravel, well rolled and wet . 60 
As has been stated, these values are given only as a general 
estimate, as any tendency for the road to disintegrate may raise 
them considerably. 

The work done per minute is the product of the road resist- 
ance, the weight of the car in tons and the space passed over by 
the car per minute. 

Resistance due to gradient. — This is simply that due to the 
work done in raising the car from one elevation to another, and 
is quite independent of the speed at which the car may be 
travelling. The work done per minute is equal to the weight of 
the car in lbs., multiplied by the height through which it is 
raised in feet during one minute. 

Resistance due to wind. — There are several formulae by means 
of which this may be approximately obtained — the best known 
possibly being those due to Mr. Mervyn O'Gorman. 

The O'Gorman formula is, H.P. = -000004535 V 3 A 
where V is relative velocity of car to air in miles per hour and 
A is the projected sectional area of the car in square feet. 
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Summing up, the three components — Rolling, Gradient, and 
Wind Resistance — 

tjtd t t> ir r> • 4. WRV X 5,280 

H.P. for Rolling Resistance = - rox88f0 65 -- 

= '003686 WRV 
where R. is the Road Resistance. 

H.P. for Gradient Resistance = — QO ri J r . p^— 

oo,lHX) X 1 

= -0678 ** 

where H is the height of gradient in feet, and T is the time 
taken to climb the gradient in minutes. 

H.P. for Wind Resistance = -000004535 V 3 . A. 

Example. — Find the horse-power required to propel a car at a 
speed of 15 miles per hour up a hill of 1 in 8. Weight of car 
2 tons and projected area 20 square feet. Road resistance 40 lbs. 
per ton. 

H.P. for Road Resistance = -003686 WRV 

= -003686 X 2 X 40 X 15 

= 4-863 

W H 
H.P. for Gradient Resistance = -0678 — ^ - 

- <*»****¥£? 

= 22-374 
H.P. for Wind Resistance = -000004585 V 3 A 

= -000004585 X 15 3 X 20 
= "806 
Total H.P. = 4-868 + 22*874 + 806 
= 27-048 
It will be observed that in hill climbing the gradient resist- 
ance largely determines the power, and that the wind resistance 
is for practical purposes quite negligible. But the horse-power 
required to overcome the wind resistance increases very rapidly 
with an increase of speed. 

Questions on Chapter VIII. 

(1) What are the following ? — One ft.-lb., one horse-power, 
indicated horss-power, and brake horse-power. 
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(2) How may the brake horse-power of an engine be obtained ? 
Describe a method of carrying out a brake test. 

(3) If the engine is running at 1,000 revolutions per minute and a 
J -in. rope is wound round the brake drum of 16 ins. diameter, what 
is the brake horse-power given out by the engine if the spring 
balance records 20 when a weight of 85 lbs. is placed in the scale- 
pan ? (Answer = 8*51.) 

(4) Describe a flashlight indicator. 

(5) What advantages have flashlight indicators over the ordinary 
piston indicator? 

(6) Using the diagram given in Fig. 38, in which 1 in. represents 
120 lbs. per square inch, find the indicated horse-power of a 4-cylinder 
engine running at 1,100 revolutions per minute if the stroke is 
5 ins. and the bore 4 ins. (Answer = 28*2.) 

(7) Describe by the aid of sketches a water dynamometer. 

(8) If in carrying out a brake test with an electrical brake the 
ammeter and the voltmeter recorded 42 amperes and 250 volts re- 
spectively and the efficiency of the dynamo was 80 per cent,, what 
horse-power was given out by the engine ? (Answer = 17*6.) 

(9) Find the horse-power required to propel a car weighing 1£ tons 
along a road having a resistance of 50 lbs. per ton at a speed of 
20 miles per hour. 

If the speed of the car relative to the wind is 30 miles per hour 
and the sectional area of car is 25 square feet, what is the total 
power required ? (Answers = 4*0 and 7*06.) 

(10) What are the principal difficulties experienced in deducing a 
formula to represent the horse-power of an engine, using the cylinder 
dimensions onlv ? 



CHAPTER IX 



MECHANICAL, THERMAL AND COMBUSTION EFFICIENCIES 

*94. Efficiency. — The efficiency of a machine is the ratio 
which the work given out bears to the work put into the machine. 
In all transformations, whether of reciprocating into rotary 
motion or of heat into work, some loss always takes place, and 
many of the improvements which have been made in the modern 
engine have had as their object the reduction of the magnitude 
of these losses. 

* 95. Combustion Efficiency. — As its name implies, this repre- 
sents the efficiency of combustion, and indicates the amount of 
heat that is wasted in the exhaust gases. When the charge is 
taken into the cylinder of a petrol engine, it consists of hydro- 
carbon vapour and air. This is fired and the products of 
combustion are finally expelled from the cylinder. If complete 
combustion has taken place, the exhaust will contain only inert 
gases, but generally some proportion of CO will be found to be 
present and there may possibly be some hydrogen, C EU or 
Marsh gas and C2 H 4 or Ethylene. This shows that the petrol 
has not been burnt to the best advantage, as these gases are all 
consumable and may be made to give out heat. 

Supposing now, that the composition of the exhaust gases is 
an follows : — 

CO2 . . . . . 12 per cent. 



2 
CO 

Ha 
CH 4 



Nil 



5 



»> 



15 „ 
0-5 „ 
81 



>> 



?> 



»> 



>» 



)> 



This may be written : — 
12 C0 2 + 5 CO + 1-5 H 2 + 0-5 CH 4 + 81 N 2 + 14 H a O, 
since 81 volumes of N 2 are found in air with 21*5 volumes of 2 of 
which only 14"5 have been accounted for in the analysis — the 
remainder having combined with hydrogen to form water. 
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The respective weights of the gases will be : — 
12(12 + 92) + 5(12 + 16) + (1*5 X 2) + 0*5 (12 + 4) + (81 X 28) 
+ 14 (2 + 16) = 528 + 140 + 8 + 8 + 2,268 + 252 = 3,199. 
The proportions of the unburnt gases by weight are therefore : — 

CO = ^- 9 X 100 = 4*38 per cent, 
H* = ^ X 100 = 0-094 „ „ 

CH 4 = -g ~ X 100 = 0'25 „ „ 

If the engine from which the sample of exhaust gas was 
taken was burning 12 lbs. of air per lb. of petrol of calorific 
value 18,500 B.T.U. per lb., the weights of the exhaust 
gases expelled while 1 lb. of the fuel was being consumed 
were : — 

4-QO 

00 = To? x 13 = °' 5694 lbs - 

0*094 
H 2 = ^g* x 18 = 001222 „ 

CH 4 = ~- X 13 = 0-0325 „ 

and the heat that would have been given out by burning tlrese 
gases in the cylinder is : — 

CO = 0-5694 X 4,300 = 2,448*4 B.T.U. 
H 2 =. 0-01222 X 51,700 = 631*8 „ 

CH 4 = 0-0325 x 23,515 = 764*2 „ 



/. Total number of B.T.U. lost = 3,844*4 

The calorific value of the fuel used was 18,500 B.T.U. per lb. 

/. Heat given out in the cylinder = 18,500 — 3,844*4. 

= 14,655*6 per lb. of fuel. 

Combustion efficiency ... ... = - ' rm 

= 79*2 per cent. 

The combustion efficiency of an engine may vary from about 
60 to 99 per cent. 

* 96. Thermal Efficiency. — The thermal efficiency of an engine 
is its efficiency as a machine for converting heat into work. A 
certain weight of petrol is burned in the cylinder per minute, 
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and during that time a certain number of ft. lbs. of work are 
done on the piston, the ratio between these two values is the 
" thermal efficiency." In more common language, it is the 
relation between the indicated horse-power and the "petrol 
horse-power." 

The petrol horse-power is 

Weight of petrol burnt per minute x calorific value X 774 

33,000 
since by multiplying the weight of petrol by the calorific value 
the number of B.T.U. liberated per minute is obtained, and this 
is multiplied by 774 to convert units of heat into units of work. 

For example : — The indicated horse-power of an engine is 50 
and it burns 37'2 lbs. of petrol, having a calorific value of 
18,000 B.T.U. per lb., per hour. Find the thermal efficiency : — 

T>m T T v\ la • * ISfiOO X 37-2 
B.T.U. nitrated per minute = ^ 

^ . , , 18,000 x 37*2 x 774 

Petrol horse-power = 6Q x ^^ 

= 261-7 

50 
Thermal efficiency = 0*1.7 

= 19*1 per cent. 

The thermal efficiency at full power generally ranges between 
19 and 26 per cent., although as high as 28 per cent, has been 
obtained in a laboratory. 

Given any two engines with the same compression ratio and 
piston speed, the thermal efficiency has been found to be nearly 
independent of the engine dimensions, as the greater heat loss 
from the larger proportion of cooling surface to charge volume 
is counteracted to a large extent by the shorter time that the hot 
gases are in contact with the cylinder walls. 

Experiments have also demonstrated that when the supply of 
petrol is maintained constant and the volume of air is increased, 
the thermal efficiency will increase slightly, provided that the air 
initially admitted was just sufficient for complete combustion. 
This, however, is only true for a very slight decrease in the 
strength of the mixture. 

* 97. That it will be impossible to obtain a very high thermal 
efficiency is quite obvious from the fact that the cooling water 
abstracts from 30 to 40 per cent, of the heat given out by the 
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petrol on combustion in reducing the working temperature of the 
cylinder walls to a practical value. Further, if it is required to 
use all the heat in the gases, they must be expanded down to 
absolute zero of temperature. 

The limit of thermal efficiency is represented by the equation 

T- Ti 



V = 



rn 



where T and Ti are the absolute temperatures at which the 
working stuff is admitted and exhausted. This is the Carnot 
cycle, and assumes that heat is received at the highest tempera- 
ture and rejected at the lowest temperature, as in the steam- 
engine. Petrol engines using the Otto cycle, however, are 
operated on what is known as the " Constant Volume Cycle," in 
which the heat is received at constant volume and rejected at 
constant volume. The charge received into the cylinder is com- 
pressed adiabatically, and heat is added which raises its 
temperature from T to T x and increases the pressure. The gas 
is then expanded down adiabatically, until it has the same 
volume as before compression, and finally exhausted at constant 
volume, the temperature falling during exhaust from T 2 to T 3 . 
The heat added is clearly (Ti — T) C , and the heat rejected is 
(T 2 - T 8 ) C r , so that 

_ (T x - T) C„ - (T, - T 8 ) C P 
* ~~ " (Ti - T) C r 
- i _ ?>_-_T 8 
Ti - T ' 

But as the gases were compressed and expanded to and from 
the same volumes, 

T; = T 8 = (vJ (S^ Art. 80) 

w T here V, is the volume after compression and before expansion, 

and V is the volume before compression and after expansion. 

V 
It will be seen that ,r is the compression ratio r, and 

therefore by substitution in equation — 

,-i-or 

* 98. This is called the " Ideal Efficiency," and has been 
adopted as the standard by which to measure the maximum 
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thermal efficiency of internal-combustion engines; and as the 
working substance within the cylinder is composed mainly of 
air, the value of n to be used in the expression is the ratio of 
the specific heats of air at constant pressure and constant 
volume, namely, 1*408. 

Thus the Air Standard Efficiency of an internal-combustion 
engine is : — 



= -(;) 



0-408 



It will be seen that the maximum thermal efficiency of an 
engine depends upon its compression ratio, an increase in this 
resulting in the reduction of the part to be subtracted from 
unity. This explains the higher thermal efficiency of the modern 
engines, and the reason for the use of higher compression pressures 
where efficiency is of first importance. 

Professor Callender's formula for the efficiency of an internal- 
combustion engine is based on the assumption that the effect 
of heat loss on the thermal efficiency in similar engines, under 
similar conditions, should vary as the ratio of surface to volume 
during and shortly after ignition, or inversely as the diameter D. 
That if the heat loss varied inversely as the speed in revolutions 
per minute, the loss of thermal efficiency " would be the same for 
similar engines at the same piston speed." 

The formula is 

Efficiency = 0*75 rj (l - ~\ 

where rj is the air standard efficiency and D is the diameter of 
the cylinder in inches. 

* 99. The Relative Efficiency is the ratio between the actual 
thermal efficiency and the air standard efficiency, and is useful in 
estimating the real value of the engine as a heat machine, as it 
shows what loss is sustained beyond that which it is impossible 
to avoid. The ideal efficiency gives the maximum efficiency 
obtainable by the engine, while the thermal efficiency is that 
which is obtained, and the relative efficiency shows the relation 
which the former bears to the latter. 

Its value in modern petrol engine work ranges from about 
45 to 65 per cent. 

* 100. Mechanical Efficiency. — The mechanical efficiency is the 
ratio between the work given out by the engine — the brake horse- 
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power, and the work done upon the piston — the indicated horse- 
power. It is really the efficiency of the mechanism, and takes 
account of the losses due to friction of the working parts and the 
pumping of the charge in and out of the cylinder. 

The mechanical efficiency may therefore be written : — 

_ B.H.P. 
1 ~~ I.H.P. 
The mechanical efficiency of the petrol engine has often reached 
as much as 85 percent., but a good average value is about 80 per 
cent. 

Professor Hopkinson's figures for the losses are as follows : — 
Pumping losses . . . .3*4 per cent, of I.H.P. 
Piston and connecting rod friction . 6*1 „ „ 

Other friction . . . . 2'7 „ „ 



Total . 12*2 per cent. 
This gives a mechanical efficiency of (100 - 12*2) = 87*8 per 
cent. 

Questions on Chaptbb IX. 

(1) What is the thermal efficiency of an engine, and what does it 
express ? 

(2) If the exhaust gases contain 14 per cent, of C0. 2 , 1 per cent, of 
O if 0*5 per cent, of CO, and -15 per cent, of H a , find the combustion 
efficiency of the engine, assuming that 15 lbs. of air are burnt per lb. 
of petrol of calorific value 18,500 B.T.U. per lb. (Answer = 98 per 
cent.) 

(3) What is the ideal efficiency of an engine ? An engine has a 
compression ratio of 5. Find the air standard efficiency. (Answer = 
48*1 per cent.) 

(4) If the actual thermal efficiency of the engine in Example 3 was 
24 per cent., what is the relative efficiency ? (Answer = 49*9.) 

(5) What weight of petrol per hour of calorific value 18,000 B.T.U. 
per lb. should an engine of 50 brake horse-power burn at full 
power, if the mechanical efficiency is 80 per cent, and the thermal 
efficiency is 20 per cent. ? (Answer = 44-4 lbs.) 

(6) What do you understand by the mechanical efficiency of an 
engine, and why is it so much reduced when running under light 
loads? 



CHAPTEK X 

THE PRINCIPLES AND CONSTRUCTION OF COIL AND ACCUMULATOR 

IGNITION 

It is not too much to say that the modern petrol engine owes 
much of its present position to the remarkable efficiency of its 
ignition apparatus, for without a sure and rapid means of igniting 
the charge, the high-speed petrol engine would never have been 
possible. With the high rates of revolution now in common use 
(up to 2,000 per minute) the firing portion of the stroke is 
accomplished in approximately one-sixtieth of a second, so that 
the interval of time for firing the charge must be much less than 
this, and thus it will be readily apparent why a rapid ignition 
is so essential for quick-running engines. 

101. Early Forms of Ignition. — The earliest source of ignition 
was that used by Lenoir in 1860 for his gas engine, namely, 
high-tension electricity, and this was followed by the introduc- 
tion of the flame, the hot tube, self-ignition and low-tension 
electricity. These various systems do not in any way represent 
distinct cycles in the history of this class of engine, as all, 
excepting the flame, are in use at the present day, on the type of 
engine for which they are particularly suited. 

In its original form in stationary work, high-tension electricity 
was in a very primitive condition and troubles were so frequent, 
either from failure of current, or from the breakdown of the 
insulation of the coils, plugs, etc., that the hot tube soon had 
an extensive use when successfully introduced, and hence it was 
quite natural for engineers to adopt this form of ignition on the 
early automobiles. But that the new conditions under which it 
was engaged differed considerably from those under which it had 
given such satisfactory results soon became apparent. Trouble 
was experienced in keeping the lamp for heating the tube 
alight on the road ; there was danger from the proximity of the 
naked light to the carburetter and the frequency with which 
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pre-ignition occurred. Further, the time of firing could not be 
varied, neither could the same time of firing be obtained in each 
cylinder. Hence the hot tube rapidly sunk into disuse when 
electrical apparatus reached some semblance of efficiency, with 
the result that electric ignition is alone used on all modern 
petrol vehicles. 

102. Electric Ignition. — With electric ignition the charge is 
fired by means of a spark which is made to take place within the 
combustion chamber of the engine. The current from whence 
the spark is derived may be obtained from three sources — from 
the dry cell, from the accumulator, or from magneto ; and it may 
either be at high pressure or low pressure, or as it is generally 
termed, high tension or low tension. 

103. Electromotive Force, or E.M.F., is that which produces 
or tends to produce a transfer of electricity. 

AVhen two metals are placed in contact, it may be shown that they are at 
what is termed different potentials. Zinc, tin, iron, copper, silver, gold, 
lead, and carbon are in order of potential, and if any two of the series are 
placed in au electrolytic solution with a wire to connect them, a current of 
electricity will flow from one to the other along the wire. The direction in 
which the current will flow will be determined by the position of the metals 
in the list given. For example, supposing that the two metals are zinc and 
copper, copper is at the higher potential, and so the current will flow from 
the copper to the zinc, outside the cell. Further, by Volta's law, if a 
number of such cells are joined together so as to form a battery, the copper 
of one to the zinc of the next, then the E.M.F. or potential difference of 
the first zinc, and the last copper will be equal to the sum of the differences 
of potential of the separate cells. 

Thus the E.M.F. of two cells of 15 volts (say), joined in series, will bo 
3-0 volts ; of three such cells, 4*5 volts and so on. 

When joined in parallel, that is, all the negative plates together and all 
the positive plates together, the battery then becomes equivalent to one large 
cell, and while the voltage remains the same, the amperes are doubled or 
trebled according as there are two or three cells joined up. 

The terminal having the higher potential is called the positive terminal 
and the current flows in the direction in which the "cations" appear 
to move. 

104. Ohm's Law. — If a current is flowing through a conductor 
and two points on it to be taken, the E.M.F. between these two 
points bears an invariable ratio to the strength of the current, if 
the temperature is constant. This ratio is termed the resistance 
of the conductor. 
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E -• 

Hence, the resistance of a conductor = 11=^ where E is 

E 
the E.M.F. and C is the strength of current, and C = ~ 

It is usual to speak of the resistance of a cell as the internal resis- 
tance, and the resistance of a conductor as the external resistance 
Thus, if the plates of a cell are large there will be less internal 

resistance. If r is the internal resistance — C = *r— ; — . 

H + r 

105. Electrolysis. — When two plates are immersed in an 
electrolyte, and the two terminals are connected, chemical action 
takes place in the cell, decomposing the liquid and wasting one 
of the plates. The molecules forming the electrolyte are 
assumed to split up, and one set travel towards the positive 
plate and the others to the negative plate. These molecules are 
termed ions, and in their particular application the former are 
known as cations and the latter as anions. 

The positive terminal is also known as the cathode and the 
negative as the anode. 

106. Dry Cells and Accumulators.— Dry cells and accumulators 
are what are termed " Voltaic cells," and depend for their action 
upon the chemical substances of which they are formed. 

A good voltaic cell should — 

(a) Have a high, constant voltage. 

(b) Have a small resistance. 

(c) Not give off fumes. 

(d) Be perfectly quiescent when circuit is open. 

(e) Be easy to manage and inexpensive to work. 

The conventional method of representing a battery is by means 
of a number of long and short lines, the long lines representing 
the positive plates and the short ones the negatives. 

* 107. The Leclanchd Cell — The commonest form of cell is the 
Leclanche cell, in which a carbon plate is surrounded by a 
mixture of manganese dioxide and pulverised carbon, enclosed 
by a porous pot, which is immersed in a solution of sal- 
ammoniac in which a zinc rod is placed. The carbon plate is 
the positive electrode or the cathode. 

The action of the cell is shown hereunder : — 

Z/t + 2 NH* CI = Zw C/ 2 + 2 NH 3 + H a 
H 2 + 2 M/iOa = Mw a 3 + H 2 
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The sal-ammoniac at the anode is decomposed, the CI com- 
bining the zinc to form zinc chloride, and the NH 4 (the cation) 
travels towards the cathode. The manganese dioxide is used as 
a depolariser in that it prevents the formation of babbles of 
hydrogen gas on the carbon plate which would stop the chemical 
action. The hydrogen unites with the oxygen in M?i O a to form 
water and M» 2 O s as shown. 

108. Dry Cells. — Dry cells are sometimes used for the purpose of 
generating current for ignition purposes on account of their port- 
ability and cheapness, and because there is no possibility of any 
acid or other liquid being spilt. But all are liable to deteriorate if 
kept for any length of time, and they have a much higher internal 
resistance than the accumulator. They must also be discarded 
when run down, as it is not practicable to recharge them. 

For the most part they resemble the Leclanche cell, in having 
a zinc terminal in contact with the sal-ammoniac and a carbon 
plate in contact with the manganese dioxide. 

The sal-ammoniac is not, however, in solution, but in a 
powder, which, by the addition of water, becomes a paste and 
keeps sufficiently damp by absorption of water from the air. 

In the Obach cell the sal-ammoniac is mixed with 85 per cent, 
of plaster of Paris and 15 per cent, of flour, and the depolariser 
is about 55 per cent, of manganese dioxide, 44 per cent, of 
plumbago, and 1 per cent, of gum tragacanth. 

In the E.C.C. or Burnley cell, zinc chloride in solution is added 
to the sal-ammoniac, and is also used to moisten the depolarising 
paste. 

The E.M.F. of these cells is about 1*5 volts when new, but 
their resistance depends upon the surfaces and distances apart 
of the zinc and carbon — it is usually about 60 ohms. 

* 109. Polarisation. — The hydrogen which is liberated at the 
surface of the positive plate of a cell is objectionable, because 
it forms a non-conducting layer of bubbles, which tend to 
re-combine with the SO4 or other combination present in the 
cell, producing a counter or back E.M.F. , and tending to drive 
the current in the opposite direction. 

When such action does take place, the cell is paid to be 
"polarised," and it is specially in evidence in single fluid cells, 
the object of the compound cell being to prevent this by inter- 
cepting it with an oxidising agent. 

M.C.B. k 
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110. The Accumulator or Storage Cell. — The earliest storage cell 
was invented by Sir William Grove, in which the products of 
electrolysis were stored up and allowed to combine when desired. 
It had, however, very great bulk on account of the large volume 
of gases involved, so was of no service for car work. 

The next cell was that known as the Flante cell, which has 
extensive use at the present day, in a modernised form, for road 
traction purposes. 

It consisted of two large curled lead plates which dipped into 
dilute sulphuric acid. In order to charge the cell & current of 
electricity was passed through it, which liberated hydrogen at the 
cathode and oxygen at the anode. This oxygen combined with 
the lead at the anode and formed peroxide of lead, so charging 
the cell ; but it was found that such 
cells did not work for a very prolonged 
time on account of the thin coating 
of peroxide of lead, so an alteration 
was made in the method of charging. 
After a first current has been sent 
through the cell the anode is coated 
with P&Oa; the current is then re- 
versed to reduce the peroxidised 
plate to pure lead and to peroxidise 
the other plate. The current is again 
reversed, and so on, each reversal of current causing the plate lo 
be left in a more spongy condition, the lead being honeycombed 
to some depth so as to present a much larger surface to the 
succeeding oxidisation. 

This process is termed " forming " the cell, the positive plate 
being left coated with peroxide of lead and the negative with 
spongy lead. 

But the best known storage cell is that in which pasted plates 
are employed, this being the type most commonly used for ignition 
purposes. 

* 111. Pasted Plates.— Instead of using solid lead plates, lead 
grids are adopted, which are filled at the start with a paste made 
of, for the positive plate, P& 3 0« and sulphuric acid, and for the 
negative plate Pi and sulphuric acid. These plates (see Fig. 
48) are immersed in dilute sulphuric acid in the proportion of 
about 1 of water to 5 of sulphuric acid, the resulting S.G. being 
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about 1-225 when charged. In charging the cell, the litharge on 
the negative plate is reduced to Bpongy lead and the positive 
plate becomes per oxidised. 

The chemical action which taken place when current is taken 
from the cell is shown below : — 

At the cathode :-PAO, + H.,30, + Hj = P6SO« + 2U,0. The SO, 
travels towards the anode, or negative plate, anil gives PA + SO, = P(> SO,, 
thus sulpha ting the pure lead at the negative. It will be observed that the 
cation, the hydrogen molecules, travel towards the positive plate. 
In charging after use the following action takes place : — 
P6 SO, + 211 = Pi + H, SO,. 
The sulphate of lead at the negative being changed to spongy lead while at 
the positive, the sulphate is split up and the lead peroxidisod, thus : — 
P* SO, + SO, + 2H:,0 = PA O, + aHiSO,. 

In charging, the current is sent through the positive terminal 
to the negative plate. 

When fully charged, the positive plate is dark brown in 
appearance and the spongy negative plate a natural bluish 
colour, but after use the sulphate 
of lead changes the colour of the 
plates, turning the negative to n 
grey and the positive to a terra- 
cotta, owing to the addition of the 
white sulphate particles. This is 
somewhat of a guide to the experi- 
enced observer as to the condition 
of the cell. 

It is usual to arrange two posi- 
tives to lie between three nega- 
tives, or, in other words, to enclose 

the positives, because a more VlQ 4g ._ aAV . Accuimi i atl)r . 
equal action takes place and the 
positives are not so liable to buckle in discharging (see Fig. 49). 

It will have been noticed that in charging, two molecules of 
HjO are exchanged for two molecules of H 2 SO,, while in dis- 
charging a reverse action takes place. Thus, in charging the 
electrolyte becomes more dense, and in discharging less dense— 
another means of judging the condition of the cell. 

The cell should never be left discharged or partially discharged, 
as the sulphate formed is in an extremely finely divided con- 
ic 2 
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dition, and if allowed to stand for any length of time will form 
crystals which are very difficult to decompose again ; and, in 
addition, they form a hard non-conducting layer on the paste. 

Sulphate of lead in a cell is, under any conditions, undesirable. 

The E.M.F. of the accumulator when charging may rise as 
high as 2*4 volts, or even higher, but soon falls to 2'1 volts, and 
remains very steady until nearly fully discharged. 

This high voltage at the end of the charge is due to the 
presence of strong sulphuric acid, which is formed in the process 
of charging within the pores of the plates. But in course of 
time this mixes with the dilute acid within the cell and so reduces 
the voltage to its normal figure. 

The internal resistance of an accumulator is very small owing 

to its high conductivity — about ^^ ohm. 

* 112. Capacity of Cella. — It is usual for manufacturers to give 
the capacity of their cells or accumulators as " so many " ampere- 
hours, meaning that a current of " so many " amperes can be 
obtained for 1 hour. For example : a battery is said to be 50 
ampere-hours. This means that a current of 10 amperes may 
be obtained for 5 hours or 25 amperes for 2 hours, and so 
on. This method is very useful in that it enables one to estimate 
roughly the length of time an accumulator will last before it 
requires recharging, as in ignition work current is only taken 
intermittently. 

The capacity of accumulators varies with different makes, but 
it may be roughly taken to be between 0*3 and 0*35 ampere- 
hours per square inch of positive surface for a 10-hour discharge, 
observing that the slower the rate of discharge the greater will be 
the efficiency. For example : a battery giving 50 ampere-hours 
on a 10-hour discharge will probably only give about 42 ampere- 
hours on a 3-hour discharge. It should be noted when finding 
the capacity that the positive plates have two sides. The rate 
of charging should not exceed, say, 0*05 ampere per square 
inch of positive surface. 

Now the action of both accumulators and dry cells depends 
upon the decomposition of the electrolyte into the cations and 
anions, the former at the cathode and the latter at the anode. 
By one of the laws of electrolysis, the weight of an ion liberated 
per second is proportional to the strength of the current, so that 



PBINCIPLES AND CONSTRUCTION OF COIL, ETC. 133 

if the weight of ion liberated be known, the strength of the current 
could be determined. 

The electro-chemical equivalent of a substance is the weight of 
that substance liberated in 1 second by a current of 1 ampere. 

The current of oneampere i* the current which, when passed through a 
solution of nitrate of silver in water, prepared in accordance with the Board 
of Trade specification, deposits silver at the rate of 0-001118 gramme per 
second. The electro-chemical equivalent of silver is therefore 0-001118 
gramme. 

The electro- chemical equivalent of any other substance may be found by 

multiplying that of silver by the ratio of the atomic weight of the substance 

divided by its valency to the atomic weight of silver. For example -the 

atomic weights of lead and silver are 206*9 and 107*93 respectively and the 

valency of lead is 2, so that 

206*9 
Electro-chemical equivalent of lead = §1 — ,^-Tw X 0001 118 

1 2 X 10r93 

= -001073 gramme per ampere. 

Hence, in an accumulator, '001073 gramme of lead is transferred in the 
production of 1 coulomb of electricity per second or 1 ampere. 

And, further, knowing the weight of spongy lead available for transference, 
the number of ampere hours may be calculated. 

Example. — An accumulator having a voltage of 4*2 volte sends a current 

through a total resistance of 14 ohms. Find the consumption of lead per hour. 

E 
From Ohm's Law C = p- 

4*2 
Number of amperes = — = 0*3 

Weight of lead used per second — Amperes X Electro -chemical equivalent 

= 0*3 X 0*001073 gramme. 
= -0003219 gramme. 

Weight of lead consumed per j = . 0(H)3219 x 00 x 60 
hour . . . . . . ) 

= 1*15884 grammes. 

118. Methods of Recharging Accumulators. — Accumulators are 
recharged in one of the following ways : — 

(1) From a switch. 

(2) From a lampholder. 

(3) From the lighting mains. 

(4) From a dynamo. 

(5) From a battery. 

In all cases the current should be continuous, although by the 
use of a rectifier or an electric valve, alternating current may be 

used. 
The action which takes place during charging has already beeu 
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descril>ed, but there are certain actions which are visible to the 
eye which should be noted. When connection is made to the 
charging source, no apparent action is observed, but as charging 
proceeds bubbles of gas may be seen coming off from the plates 
and moving in the liquid. The condition of the cell may be 
known in some measure by this bubbling or " milking," as 
towards the end of the charge the electrolyte appears milky, due 
to the presence of bubbles of gas. When " gassing " freely, the 
current should be switched off and a voltmeter placed between 
the terminals. It should read slightly more than 2"4 volts 
per cell. 

In charging from a switch, care should be taken that it is in 
the " off" position. The end of the wire attached to the positive 
terminal of the battery is connected to the positive terminal of 
the switch, and the negative terminal wire to the negative of the 
switch. Charging will then proceed, the amount of current 
passing through the accumulator depending upon the number 
of lamps in the circuit, as will be seen in Art. 114. 

A similar method is adopted when charging from a lampholder, 
except that it is usual to place a lamp in the lead from the positive 
terminal. 

In both cases, it has been stated that the wire from the positive 

terminal should be attached to 
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the positive terminal of the 
switch. To find out which is 
the positive terminal, the wires 
may be placed upon a piece of 
moistened pole-testing paper, 
when the part upon which the 
negative lead rests will become 
red. Or the two ends of the wire 
may be dipped into water which 
is slightly acid. The negative 
terminal will have bubbles aris- 
ing from it. It is a good plan 
to insert a small resistance in 
(3) Q the lead to the positive terminal, 
,, - A ,,i i, „.,i as in the event of a lamp 

l«io. oO- Charging Board. . t 

burning out, it will prevent an 
excessive current passing to the battery. 
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Fig. 50 shows the arrangement of the charging board when 
using current from the lighting mains. C and J) are the positive 
and negative terminals, respectively, from the mains, and P and Q 
are the terminals to which the positive and negative poles of the 
battery are connected. R is the resistance which regulates the 
current passing, A is the ammeter and E the voltmeter. S is a 
switch which should be in the " off " position when the voltage of 
the accumulator is read. 

The resistance R may be a series of coils arranged as shown in 
Fig. 47, or it may be obtained by the use of a number of lamps as 
shown in the figure. By throwing a greater or lesser number of 
lamps or coils into the circuit, the current may be increased or 
decreased as desired. 

114. To find the Number of Lamps required in the Resistance 
to pass a given current. — An ordinary carbon filament lamp when 
new takes about 3*5 watts per candle power on a 50 to 100 volt 
circuit and about 8*75 watts per candle power on a 150 to 250 volt 
circuit. 

Supposing an accumulator is to be charged with a current of 
3 amperes at 200 volts. 

Watts required = 8 X 200 = 600. 

Candle power of lamps in the circuit = ^=-z = 160. 

Then if 5-32 c.-p. lamps are in the circuit, a current of 3 amperes 
will pass through the accumulator. 

If resistance coils are used, the resistance in the circuit will be 
varied until the ammeter records a current of 3 amperes. Or, 
generally, the resistance should be such as to cause a drop in 
voltage in the charging current equal to the difference between 
the charging and the battery voltage. 

From Ohm's Law C = 
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Knowing the number of amperes passing and the capacity of 
the accumulator, the time required to charge a battery may lx> 
determined. 

In recharging from a dynamo, the dynamo voltage is generally 
about 10 volts. The arrangement of the board will be somewhat 
similar to that shown in Fijj. 50, except that a variable resistance 
is usually employed to control the current and allow of a higher 
rate of charge at the start. 

Charging by battery is a very simple and economical method. 
In the Fuller charging battery, six cells are joined in series with 
the accumulator. If a large current is required the battery may 
be divided into two parts, the cells in each half being in parallel. 
To charge the accumulator all that is necessary is to connect the 
positive terminal of the battery to the positive of the accumulator 
and the negatives in a similar manner, whereupon charging will 
proceed. It is advisable to insert a small resistance in the circuit 
so that the current may be varied. 

The cells of the Fuller battery each consist of two vessels, one 
inside the other, the inner vessel being porous. A zinc rod 
stands in the inner pot and two carbons in the outer jar. Dilute 
sulphuric acid is poured into the two vessels after a charge of 
bichromate paste has been placed in the outer, and both have 
been half filled with water. A little mercury is then added to 
the contents of the inner pot so that the zinc rod stands in the 
mercury. 

115. High and Low - Tension Electricity. — If a continuous 
conductor be provided between the terminals of an accumulator, 
the current will flow quietly and freely without producing any 
visible external effect, and, on interrupting the circuit, the 
current will cease to flow, because the air between the separated 
ends of the conductors offers too great a resistance for the passage 
of electricity from an accumulator. But if the voltage of the 
current be greatly increased, it will eventually reach a point when 
the air is no longer capable of withstanding the pressure, and a 
spark will break across the air gap. The pressure needed to do 
this will depend upon the condition of the air — the presence of 
water vapour lowering the voltage required and compression 
raising it ; but in the cylinder of a petrol engine it is certainly 
not less than 10,000 volts. 

In a high-tension system, the high pressure necessary is 
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obtained by increasing tbe voltage of the current by the use 
of an induction coil ; and in the low-tension system by suddenly 
breaking the circuit within the cylinder. The two principles 
involved in the production of the spark are, first, the inductive 
capacity of conductors, and secondly, the inertia of the current. 

116. Low-Tension Spark. — It is well known that when the tap 
at the end of a long water pipe is shut off very quickly, a hammer- 
blow is immediately heard to take place in the pipe. This effect 
is produced by the resistance offered by the mass of water to any 
change in its velocity, which causes the water remaining in the 
pil>e to endeavour to continue on and momentarily increases the 
pressure near the outlet. 

A similar phenomenon is exhibited in arresting the flow of 
electricity in a conductor when the circuit is suddenly broken. 
The current which was flowing along the wire previous to separa- 
tion does not stop immediately, but endeavours to continue its 
motion, and in so doing increases the pressure at the end of the 
wire until it is sufficient to jump across the gap and discharge 
itself by means of a spark. The intensity of the spark will depend 
upon the quantity of current within the lead before the gap, 
where the spark takes effect, and it was for this reason that an 
" intensifier " was placed in the circuit when the accumulator 
was used for low-tension ignition. 

The intensifier consisted simply of a bundle of soft iron wires, 
surrounded by a coil of the circuit wire, the iron core taking part 
in increasing the quality of the spark, by virtue of certain magnetic 
properties which it possesses when encircled by a coil of wire 
carrying current. An explanation of this will be given later. 

The accumulator is, however, no longer employed for low- 
tension ignition, because the large amount of current taken 
makes it very expensive, so low-tension ignition will be considered 
in the following chapter on Magnetos. 

117. The High-Tension Spark. — The induction coil referred to 
previously, which is employed in order to obtain a high-tension 
spark, is shown in the accompanying figure. 

The type of coil illustrated in Fig. 51 is that known as the 
" trembler " coil, because the " make " and " break " of the 
battery circuit is effected by the magnetic attraction of the 
iron core C upon the blade. 

This form is mostly used for car work as it is more economical 
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of current and produces a succession of sparks at the plug- In 
its other form, the non-trembler type, a blade is not UBed, but 
the circuit is controlled mechanically by the commutator. 

118. The Trembler Coil. — The essential parts of a trembler coil 
are the iron core C, the primary and secondary windings, the 
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trembler blade B, the bracket A with adjusting screw E and the 

condenser. 

The iron core is built up of a number of soft iron rods which 
are separately varnished in order to prevent the production of 
eddy currents. The primary winding consists of a number of 
turns of insulated copper wire wound round the iron core, having 
one end connected to the contact blade 13 and the other end to 
the negative pole of the battery. A switch is placed in the lead 
returning to the battery. The secondary winding is wound over 
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the primary winding and consists of a large number of turns of 
finer wire, one end of which is taken to the sparking plug and the 
other end is attached to the primary winding at D. The trembler 
blade B supports an iron disc which is platinum faced, and in its 
position of rest makes contact with the adjusting screw E. The 
condenser is formed by a number of thin sheets of tinfoil, insulated 
from one another by sheets of paraffined paper, alternate sheets 
of tinfoil being joined together so as to form the two coatings of 
a condenser. These coatings are attached to points in the primary 
circuit which are on opposite sides of the trembler blade as shown. 

When the blade B is against the adjusting screw E, the current 
from the battery passes through the bracket A and the blade B 
to the primary wiring and back through the switch to the negative 
pole of the battery. As the current passes through the primary 
coil it magnetises the iron core C, which then attracts the disc B 
and breaks the circuit, thus stopping the flow of current. The 
cessation of current causes the iron core to cease from acting as 
a magnet, so that B then falls back on E remaking the circuit, 
and the current again passes through the primary wiring. The 
current through the primary winding is, therefore, continually 
starting and stopping, and at each " make " and " break " of the 
circuit a current is induced in the secondary winding of much 
greater E.M.F., so great, in fact, that a spark leaps across the 
points of the sparking plugs and fires the charge in the cylinder. 

* 119. This is the general action, but a more detailed explanation 
is as follows : — 

When a wire carries current, lines of magnetic force encircle it and it 
becomes an electro -magnet, though a weak one. To strengthen the magnetic 
effect, a soft iron core, which becomes magnetised while the current is passing, 
is inserted within the primary coil, so that the iron core has a function to 
perform in addition to that of attracting the blade B. Now it may be 
experimentally proved that when a magnet is thrust within a coil of wire 
which has its ends joined, a momentary electric current flows through the 
coil ; and when it is suddenly withdrawn, a momentary current flows in the 
opposite direction, the magnitude of the current increasing as the speed of 
the movement increases. From this it mav be inferred that the E.M.F. 
of the current produced in the wire depends upon the rate at which the lines 
of force surrounding the magnet are cut by the wire— the greater the rate of 
increase or decrease in the number of lines of force embraced by the circuit, 
the higher the E.M.F. ; or, as it is sometimes expressed, the greater the 
number of lines of force threaded through the coil in unit time, the greater 
the E.M.F. 
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Thus, the starting or cessation of current in the primary winding of a coil 
is equivalent to moving the magnet within the secondary winding, as when 
the lines of force extend (and finally collapse on the withdrawal of the current) 
they pass through the outer coil, generating an induced current in the 
manner described. 

But each turn of the secondary winding constitutes a separate coil in 
which a current is induced, and as each turn is directed the same way round, 
the E.M.F.'s are also directed the same way round in a long length of a large 
number of turns. These turns may, in some measure, be compared to a 
battery of voltaic cells connected in series, the E.M.F. between the end 
terminals of the battery is the sum of the E.M.F.'s of the separate cells (by 
Ohm's Law) and the E.M.F. in the secondary winding of the coil is the sum 
of all the E.M.F.'s in the separate turns of wire. Hence the current induced 
in the secondary winding will be at an exceedingly high voltage, sufficiently 
high to break across the gap at the sparking plug and fire the charge within 
the cylinder. 

* 120. The Effect of the Condenser.— However, this high E.M.F. 
is only rendered possible by the use of a condenser, which plays 
a most important part in stopping the flow r of current througli 
the primary winding of the coil. It has already been observed 
that when a circuit through which a current is flowing is suddenly 
broken, the current endeavours to continue on, and in so doing 
breaks across the gap between the severed connections in the 
form of a spark. Now this property, which is essential to the 
production of an efficient spark with low-tension ignition, becomes 
undesirable with high-tension ignition, because the passage of any 
current between the contacts of the trembler blade after breaking 
the circuit, has the effect of retarding the demagnetisation of the 
core and thus decreasing the induced E.M.F. Further, once a 
spark does take place, the air between the contacts is electrolysed 
and a more or less effective circuit re-established. 

The importance of the stoppage of the flow of current is 
evidenced by the rate at which the trembler blade operates. 
Many trembler blades make 10,000 vibrations per minute, 
that is, there are 10,000 separate and distinct connections made 
between the battery and the primary winding; consequently, 
unless the current is interrupted instantaneously, one charge 
will follow another so quickly as to make the trembler break 
of non-effect. By attaching a condenser between the two sides 
of the trembler contacts, the current is diverted into the plates, 
which absorb the energy of the moving current and bring it 
slowly to rest. This result is considerably hastened by the 



PRINCIPLES AND CONSTRUCTION OF COIL, ETC. 141 

resistance offered by the portions of current which have already 
arrived on the condenser plates to the accumulation of any 
additional current. 

But there is still a further benefit derived from the action of 
the condenser. While the set of tinfoil plates in contact with 
the battery is being charged with positive electricity, negative 
electricity is induced in the other set, which when fully charged 
is sent through the primary winding of the coil and causes 
another spark to take place at the plug. This continues 
until the flow of current from the accumulator ceases, so 
that a succession of sparks, decreasing in effectiveness, will 
take place at the plug and the combustion be rendered more 
complete. 

The action of the condenser may therefore be summarised as 
follows : — 

(1) It enables the flow of current through the primary circuit 
to be interrupted more quickly, thereby increasing the E.M.F. 
in the secondary. 

(2) It stops the flow of current from the battery and so 
economises current. 

(3) It provides a succession of sparks at the plug, which 
conduces to a more effective ignition of the charge in the 
cylinder. 

From the preceding it will have been observed that there 
should be a shower of sparks at the plug at "make" and 
another at " break," but it is extremely doubtful if any spark 
results from the " make." Lenz's Law states that in all cases 
of electro-magnetic induction the induced currents have such 
a direction that their action tends to stop the motion that 
produced them. The effect of this is to cause the primary 
current to take longer to attain its full strength on completing 
the circuit than would otherwise be the case and to prolong 
the existence of the primary current on breaking the circuit. 
But on account of the assistance derived from the condenser 
at " break " this counter E.M.F. is somewhat negatived, and 
the stream of sparks at the plug is entirely due to breaking 
the circuit. 

Having surveyed the principles of coil ignition, it is now 
possible to consider the practical application of these principles. 

121. Coil and Accumulator Wiring. — The essential parts of 
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the coil and battery system are illustrated in Fig.- 52 and will 
be seen to consist of : — 

(1) Battery ; 

(2) Induction coils ; 

(8) Wiring with switch ; 

(4) Commutator or contact breaker ; 

(5) Sparking plugs. 

When a single coil is used for multicylinder engines, a high- 
tension distributor is also required. 

In the upper of the two diagrams shown in Fig. 52, the current 
is taken from the positive terminal of the battery to the four 
coils; and supposing the arm of the low-tension distributor is 
in contact with the segment marked 1, the current will flow 
through the primary wiring of coil 1 to the segment, through 
the distributor arm to the camshaft and the engine framing to 
the negative pole of the battery. A current will then be induced 
in the secondary wiring of the coil which will pass across the 
points of the plug to the engine framing. It will be seen that 
the circuit for the return of the high-tension current is through 
the return lead of the primary. This is termed the " earth " 
connection. 

In the single coil arrangement the battery current is taken 
through the primary of the coil to a low-tension distributor ring 
connected to four segments in the insulated ring, so that current 
only passes when the distributing arm is in contact with a 
segment. The high-tension current induced in the secondary 
goes to a high-tension distributor which, when the arm of the 
L.T. distributor is opposite a segment, also has the corresponding 
segment in contact with the H.T. distributing arm and thus 
allows the current to pass to the plug to which the H.T. lead is 
directed. The return is made as before described. It is very 
necessary that the segments on the high and low-tension distri- 
butors should be synchronised. 

122. The Commutator or contact breaker or low-tension distri- 
butor is the device employed to direct the battery current to the 
coil which has its secondary winding connected to the sparking 
plug in the particular cylinder which is to be fired. In general 
there are two forms— the "make and break " and the c< wipe " 
contact, although the former is not used at the present time 
because of the attention required to the contact studs. These 



PRINCIPLES AND CONSTRUCTION OF COIL, ETC. 148 

studs after a time become pitted and require trueing up, as the 
production of an efficient spark depends upon the good contact 
between the platinum-tipped studs. 

In one type of '"* make and break " commutator, a spring blade 
is rigidly attached to a support fitted on, but free to move round, 

LT Distributor 
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Fig. 52. 

the half-time shaft, and has at one end a piece of case-hardened 
steel which engages with a cam keyed on to the end of the cam- 
shaft. This cam is made with a gradual rise in one side and a 
radial face on the other, similar to those shown in Fig. 66, so as 
to give a quick break. Near the middle of the blade two platinum 
contacts are fixed, one being riveted to the blade and the other 
to the support, but insulated therefrom, an adjusting screw being 
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provided for the latter contact. The rotation of the cam raises 
the blade and brings the two studs in contact, permitting current 
to flow through the junction. But when the rubbing piece on 
the blade reaches the radial face of the cam the blade spring 
separates the points, smartly breaking the circuit and producing 
a spark at the plug. It will be clear that a trembler blade is 
unnecessary here, as the vibration of the blade causes the studs 
to come into contact several times very rapidly, giving a spark 
at each contact. 

There are several forms of " wipe " commutators. In one form 
it consists of a ring of insulating material, at intervals around 
which contact pieces are placed connected to terminals on its 
exterior. This ring is mounted upon, but insulated from, the 
half-time shaft, which also carries an arm upon which a lever is 
pivoted. One end of the lever has a roller which runs upon and 
is kept in contact with the internal surface of the ring by means 
of a helical spring fitted at the other end. The spring is secured 
to a small lever on the half-time shaft. As the camshaft rotates 
it carries the roller with it, which, when it comes in contact with 
the strips in the insulated ring completes the battery circuit. 

In another form an insulator ring is keyed on lo the end of 
the camshaft, but has a metallic segment recessed into its 
surface which is connected to the half-time shaft. Upon the 
same shaft a plate is placed, which has free rotary movement 
relative to tbe shaft. This plate carries a number of ledges to 
which insulated brushes are secured. These brushes press upon 
the surface of the fibre riug, and the primary wiring from the 
several coils is attached to them. As the insulated ring rotates 
it brings the segment in contact with the brushes and thus 
completes the battery circuit. 

The E.I.C. Contact breaker is shown in Fig. 58, from which 
it may be seen to be a combination of the " wipe " and <c make " 
and "break" commutator. The rotation of the shaft to which 
the central cam is keyed causes the inner blade to be pushed 
outwards, bringing the platinum-tipped studs in contact and 
allowing the battery current to flow through the circuit while a 
quick break is effected by the cam. 

Advance and retard of the time of firing is produced in all 
commutators by rotating the outer casing a short distance around 
the shaft. If the casing is moved in the direction of rotation 



PRINCIPLES AND CONSTRUCTION OF COlL, ETC. 145 

the time of firing is delayed, while a similar movement in the 
opposite direction causes the spark to be advanced, as the contact 
is made in a relatively earlier position. 
The commutator is placed upon the half-time shaft, so that the 



Fig. 53.— E.I.C. Contact Breaker. 

primary circuit to each cylinder will be made once in two revolu- 
tions of the engine, if a four-stroke cycle engine, and it should 
be noted that in two-cylinder engines with cranks at 180 degrees 
the angle between the contact pieces must be 90 degrees, while if 
the cranks are on the same centres, the angle will be 180 degrees. 

123. In the Simmi H.T. Distributor (Figs. 54 and 55) the lead 
from the battery positive is attached to L, and the H.T. lead 

m.c.e. L 
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from the coil to K. Wires are taken from J, in Fig. 64, to the 

fonr cylinders. 
These four terminals are connected to the four contacts shown 
in Fig. 55, while the terminal K 
is connected to the inner ring. 
The L.T. terminal L has a brush 
which presses upon the centre 
of the contact breaker shown in 
Fig. 55, and the "make and 
break " is effected by the roller 
engaging with the four cams 
which ma; be seen in the figure. 
I As the shaft N rotates it 
carries with it the arm shown 
in Fig. 55, which has a bridge 
piece connecting the inner ring 
with the outer segments. Thus, 

Fia. 54.— Simms H.T. Distributor. when the t^ 6 * makeB contact 
with the inside cams, it brings 

the contact points together and completes the primary circuit, 

while, when a depression is reached by the roller, the circuit is 



Fig. 55.— Internal Construction of Simms H.T. Distributor. 

broken. At the same time, the bridge piece completes the 
secondary circuit by joining up one of the outer segments with 
the inner ring. 
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124. Sparking Flogs. — Sparking plugs are constructed in many 
different ways, but all are on the same principle, namely, that 
the II. 'I. lead is connected to a central 
electrode which in insulated from the body 
of the plug, the latter being in metallic con- 
tact with the cylinder. The current flows 
through the central electrode, and jumps 
across the sparking points to the engine 
framing. The points are usually made of 
nickel, and the spark gap should be about 
the thickness of a visiting card — 0"5 mm. 

The E.I.C. sparking plug in shown in 
Fig. 56. The insulating medium is of 
steatite, and is tapered from the inside so 
that the effect of the explosions is to tend 
to tighten the joint and prevent leakage. 

In the Simms spark- 
ing plug (Fig. 57) the 

joint is made at the „ „ T _ 

J , , , , Fig. 66. — E.I.C. 

bottom by meanB of a sparking Plug, 
copper asbestos ring, 
and the insulating material is a Bpecial 
compound, which iB not so liable to crack 
when subjected to heat. The body is of 
steel, and bo should stand hard wear. 

The C.A.V. plug, illustrated in Fig. 58, 
and the substantial form of the electrodes, 
will be clearly seen, as will also the ready 
facility with which they may be withdrawn 
without breaking the joint in the cylinder. 

In the Blueme! sparking plug (Fig. 59) a 
Bpecial method of jointing has been adopted 
by the use of a vitreous enamel. This 
enamel flows between the insulator and the 
body of the plug, forming a permanent gas- 
tight joint. 

125. Double Pole Plugs.— It has been 
abundantly proved by experimenters, not- 

» «"« ably by Dr. Watson, that when two sparks 

r ig. oi. — ononis . .. , ,, ,* . 

Plug. occur in a cylinder they effect an increase m 

l 2 
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power, on account o£ the better combustion obtained. In some 
cases two complete sets of wiring have been employed, led to two 
separate plugs, but such is not desirable because of the increased 
complication in the wiring. To overcome this difficulty the double 
pole plug was invented. It consists of two separate electrodes 
insulated from each other and from the metal body of the plug as 



1 Terminal Nut 

2 Lock Nut. 

3 Becesaed Nut with collar. 

4 Spring Wusher. 

5 Fibre Washer. 

6 Porcelain Cover. 

7 Asbestos "Washer. 

8 Up]>er Hexagon body. 

S Copper and Asbestos 
Washers. 

10 Internal Porcelain. 

11 Lower Body or Main ShelL 

12 Centre Nickel Electrode, 



FlO. 58.— C.A.V. Sparking Plug. 

shown in Fig. GO. The plug is used in conjunction with an ordinary 
plug, the two being connected by a wire from the outer electrode 
of the double pole plug. The current then flows to the double 
plug, passes in at one terminal, across the points and out at the 
other terminal to the other plug, causing a spark at both plugs. 

126. Order of Firing.— The usual order of firing for a four- 
cylinder engine, is 1, 8, 4, 2, and for a sis-cylinder engine, 
1, 4, 2, 6, 8, 5. This will be obvious if the arrangement of 
cranks is considered, as the order of firing must be such as 
will give a symmetrical " explosion figure." For example, for 
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a four-cylinder engine, let the reader draw eight spaces in two 
lines and number them from left to right from 1 to 8, com- 
mencing on the top line. Then draw 
lines representing the firing from 1 to 
7, 7 to 4, 4 to 6, and 6 to 1. For a six- 
cylinder engine, draw eighteen spaces 
in three lines and number them in the 
same way. Then draw lines from 1 to 

10, 10 to 8, 8 to 6, 6 to 15, 15 to 17, , 

and 17 to 1. It will be seen that in 
both cases a symmetrical figure isi 
obtained. 

127. Lodge Igniter. — One of the most 
fruitful sources of trouble with the use 
of high-tension current ib the facility 

with which ' 

leaks or short Fw< fi9.__Biuen.el Plug. 
circuits occur. 

By the adoption of the Lodge Igniter 
this trouble is entirely avoided, and it 
has the additional advantage that the 
sparks which take place within the 
cylinder are of greater intensity, with 
the result that much weaker mixtures 
and poorer gases can be ignited and 
more effective combustion can be ob- 
tained with all mixtures. 

The principle upon which the igniter 
is constructed is, that if the rush of 
current through a conductor be suffi- 
ciently rapid, no leak or imperfect 
conductor can exert any influence upon 
the flow of current 

In construction, for multi-cylinder 
engines, the apparatus consists of a 
battery, a coil, a high-tension distri- 
butor, two Leyden jars, a spark gap 
and an imperfect conductor, the three 

F,_. eo.-Lodge Double former diSerin g liltl e in detail from 
Pole Plug. those usually employed for motor -car 
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Fig. 61. 



work. The expanded arrangement is shown in Fig. 61, in 
which the two wires from the secondary winding of the coil 

are led to the inner coatings of two 
Leyden jar condensers. The outer 
coating of one of the condensers is 
connected to the sparking plug and 
the other to the frame. Between the 
secondary wires, before they reach the 
Leyden jar, a spark gap A is placed, 
and between the wires to the engine 
an imperfect connection is made by 
means of a piece of moistened blotting- 
paper enclosed in a glass tube. 

The action of the igniter is as follows : — 
When current is induced in the secondary 
winding, the inner lining of the left-hand jar 
becomes positive and that of the right-hand negative, inducing and binding 
negative electricity on the outside casing of the left-hand jar and positive on 
the outside of the right-hand jar, the circuit being completed by the leak. 
The current continues to accumulate on the lining of the left-hand jar, until a 
point is reached at which it cannot receive any more, whereupon the current 
breaks across the spark gap and discharges the inner coatings of the jars at A. 
At this instant the electricity on the outer coating is released with inconceiv- 
able rapidity, much more quickly than is possible by any mechanical means, 
and it rushes through the lead to sparking plug (the leak between the wires 
being unable to take the current) across the points and charges up the jars in 
reverse direction. A discharge again occurs only in the opposite direction, 
and this action continues to take place until the jars are completely dis- 
charged, so that several sparks result from one original charge from the coil. 
Thus it is seen that the sparks resulting from a Lodge Igniter will be very 
intense, differing altogether from the usual sparks obtained from a coil or 
magneto, just as the character of the flow is different. The ordinary current 
from the coil or magneto flows in one direction only, while that from an 
igniter flows in either direction alternately. The sparking plug points may 
be cleaned from the driver's seat by increasing the gap between the points 
at A, as then a greater current is received by the jars before the)* dis- 
charge themselves at A, and, consequently, the spark at the plug is more 
intense. 

Sir Oliver Lodge calls the spark which results at A the " A " 
spark, and that at the sparking plug the "B " spark. 

A diagram of connections for the Lodge Igniter, type D, is 
given in Fig. 62, while Fig. 68 shows the construction of an 
igniter. The reversing switch shown in Fig. 62 is provided to 
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reverse the direction oi the current. After a time the platinum on 
one of the contacts of the trembler is transferred to the other by 
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Fig. 62. —Connections for Lodge Igniter— Type D. 

the sparking which takes place. By reversing the curren this 
platinum is replaced, and the life of the contacts thereby 
lengthened. 



MOTOR CAR ENGINEERING 



Fig. 63.— Construction of the Lodge Igniter—Type A. 

Questions on Chapter X. 

(1) What are the relative merits of dry cells and accumulators ? 

(2) Explain the action of the Leclanche cell. 

(3) How is it that the electrolyte becomes more dense in re- 
charging, and why does the voltage fall slightly a short time after 
charging ? 

(4) Show a charging hoard for recharging an accumulator from the 
lighting mains. If the accumulator has a capacity of 40 ampere hours 
on. discharge, what charging current would you give it and, for how 
long ? (Answer, 5 amperes for 10 hours.) 
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(5) How many 16 c.-p. lamps would you use in charging the 
accumulator in Question 4 if the main current is 200 volts? 
(Answer 16.) 

(6) What do you understand by polarisation, E.M.F., electro- 
chemical equivalent and capacity ? 

(7) Explain how a current at high pressure is obtained in the 
secondary winding of a coil from the low-pressure battery current. 

(8) What is the object of fitting a condenser to a coil? How 
does it operate ? 

(9) Make a diagram of wiring for a two-cylinder engine with 
cranks on the same centre, using a single coil and showing the com- 
mutator brushes in the correct positions. 

(10) Sketch and describe a good form of commutator for a two- 
cylinder engine with cranks at 180 degrees. 

(11) Describe the action of the Lodge Igniter. 

(12) What object is served by fitting a double pole plug in addition 
to the ordinary plug ? Show how the connections are made. 

(13) Make a sketch of a good sparking plug and name the materials 
used. 

(14) W T hat is the order of firing in a six-cylinder engine? 



CHAPTER XI 

MAGNETO IGNITION 

128. Magneto Ignition. — At the present time the most popular 
system of ignition is the high-tension magneto. This is largely 
due to its freedom from breakdown and because it can be adapted 
to any engine without the need for extensive alterations. The 
low-tension magneto was at one time largely used for ignition 
purposes on motor vehicles ; but on account of the noisy tappet 
mechanism, the leakage of gas past the working joint in the 
cylinder walls, and the necessity of constructing the engines to suit 
the magneto, it declined in public favour as soon as the high- 
tension magneto attained some semblance of efficiency, and has 
never seemed to regain the position which it at one time held. 

The principal source of trouble with any high-tension system 
is the facility with which a short-circuit occurs. Electricity 
always takes the path of least resistance, and, consequently, passes 
through any carbon, oil or damp there may be upon the sparking 
plug points, in preference to jumping across the electrodes. A 
similar effect may take place at the collector ring of the magneto, 
although this is now rarely experienced with modern machines. 
Further, when the current from the battery is transformed to a 
higher pressure, the amount of current passing is small, so that 
any leakage through the insulator is to be guarded against by 
the use of well-insulated cables. These, in course of time, how- 
ever, perish or chafe away, with the result that the intensity of 
the spark within the cylinder diminishes and the ignition of the 
charge is not so effective or rapid. 

129. The Construction of the Magneto. — The essential parts of 
a magneto are the magnets, the armature, the contact breaker, 
the distributor, the coil and the base. 

The field magnets are employed to obtain a magnetic field, in 
which the armature and coil may rotate, and they consist usually 
of a number of separate magnets, with cast-ircn pole pieces, 
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separate magnets being employed in order to obtain more uniform 
magnetisation, while the pole pieces confine the lines of magnetic 
force to the space between the magnets. The armature is of H 
section, secured to two non-magnetic end plates, to which the 
spindles upon which the armature runs are attached. The body 
is made of soft iron, as this material readily loses its magnetism 
and it is usually built up of laminated plates (see Fig. 64) coated 
with shellac to prevent the generation of eddy currents which 
spend themselves in heating up the armature. To enable the 
pole pieces to approach close to the armature, the sides or cheeks 
are turned to a diameter which will just give sufficient clearance 
between them and the pole pieces. 

Fitted on the end of the armature is the contact-breaker, which 
"makes" or " breaks" the battery circuit when required, and 
wound round the body of the 
armature is a coil of insulated 
wire which forms the low-tension 
wiring, one end of which is 
connected to the body and so 
" earthed " and the other end 
passed through, but insulated 
from the armature spindle, either 
to a collector ring or to a button 
at the end of spindle, in a low- 
tension magneto and to the con- 
tact-breaker in a high-tension 
magneto. A contact-breaker is not necessary in a low-tension 
magneto unless used in conjunction with an induction coil. 

The distributing mechanism rotates on a spindle placed above 
the armature and completes the firing circuit to each of the 
sparking plugs or igniters in turn ; although frequently, with 
low- tension magnetos, the distributor is driven separately by 
the engine. It is preferable, however, that it should form an 
integral part of the magneto, as troubles connected with sychron- 
ism of the firing are thereby avoided. The speed of rotation of 
the distributor shaft is, for a four-cylinder engine, one half, and 
for a six-cylinder engine, one-third of the speed of the armature 
shaft, so that the distributor arm may be in contact with the 
segments once in two revolutions of the engine, the armature 
shaft running at the same speed as the engine for a four-cylinder 




Fig. 64. 
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engine, and at one-and-a-half times the engine speed for a six- 
cylinder engine. 

Finally, the base, made of some non-magnetic material, carries 
the assembled parts of the magneto and is in metallic contact with 
the engine, so as to provide a good " earth " connection between 
the windings of the armature and the engine. 

In a high-tension magneto there are, in addition, a secondary 
winding and a condenser, the latter performing the same function 
as when used in conjunction with an induction coil. The secondary- 
winding may be wound over the primary winding on the arma- 
ture, as in the Simms and the Bosch ; or it may be incorporated 
in a separate induction coil placed above the armature, as in the 
Fuller. A spark gap is provided between the lead from the H.T. 
collector ring to the distributor and the frame, so that, in the 
event of the lead to the plug being disconnected or broken, the 
current may be discharged across the gap to the frame without 
straining the insulation. The reader should turn to Fig. 90, 
where the magneto construction is plainly exhibited. 

* 180. The Generation of Current. — It can be experimentally 
shown, that when a coil of wire which has its ends joined is 
rotated at right-angles to the plane of a magnetic field, a 
momentarily induced current is produced in the coil ; and that 
the strength of the current is dependent upon the rate of increase 
or decrease in the number of lines of force passing through the 
coil. It is upon this effect that the working of the magneto 
depends. When the armature is rotating in the magnetic field 
and reaches a horizontal position, the coil being then vertical, 
the lines of force will pass through the armature core. But when 
it has turned through 90 degrees, and is in the position shown in 
Fig. 65, the lines will have left the core and have taken the 
easier path through the metal cheeks of the armature, while, 
after a further movement of 90 degrees, they will have returned 
to the core again. The lines of force do not, however, leave the 
core at a uniform rate, as the greater number are drawn round 
with the armature until the cheeks bridge over the space between 
the magnet poles and the bulk of the lines of force resume the 
path through the core just before the following edge of the cheek 
leaves the pole piece. Thus, the number of lines of force passing 
through the coil is greatest when the armature is in a vertical 
position, and this is therefore one of " maximum " voltage, and 
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there will be two such positions for every revolution of the 
armature. The horizontal position of the armature is termed 
the "zero" position; although this is not strictly correct, owing to 
the lag which results from the distortion of the lines of magnetic 
force due to the high speeds of rotation. 

But it will be noticed that, whereas in the first and third 
90 degrees of movement, assuming clockwise rotation, the lines 
of force pass in at the upper cheek and out at the lower cheek, 
the direction of the lines of force through the armature is in 
reality reversed ; as the upper cheek during the first 90 degrees 
is the lower cheek in the third 90 degrees. Consequently, when 
the lines of force change their path from the core to the cheeks, 
they will pass through the coil in a relatively 
opposite direction and the current produced 
will therefore be sent through the wiring in a 
reversed direction. Such a current is said to 
be "alternating." 

So far the explanation given applies equally 
to high and low-tension magnetos, but with 
regard to the high-tension magnetos, which have 
the secondary winding over the primary of the 
armature, a further explanation is necessary. 
These two windings, form, in effect, an induction 
coil, the generation and cessation of the current 
in the primary winding on the armature corre- F 6 , 

sponding with the rise and fall of the current 
round the primary winding of the coil, with this difference, that in 
the magneto a special mechanical contrivance is fitted to break 
the primary circuit, called the contact-breaker, while in the coil 
it is effected by the trembler blade during the period in which 
the segment of the commutator or low-tension distributor is 
in contact with the distributing brushes. Thus, any remarks 
regarding the action of the induction coil on page 139 can be 
applied equally well to the high-tension magneto, and it will 
he unnecessary to recapitulate them here. 

181. Low -tension Magneto Ignition. — The " make and break " 
mechanism of low-tension systems of ignition vary somewhat 
in detail, but they generally follow the arrangement shown in 
Fig. 66. In this arrangement the cam B, which operates the 
tappet rod G, is driven by a half-time shaft A. At the lower 
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end of G is a spring F which holds it against the cam and 
causes it to drop quickly when the firing position is reached; 
while at the upper end there is a slot which engages with 
the striking lever pivoted at H. At the other end of this pivot 
pin, and within the cylinder, is an ignition lever. K is a rod 
which is insulated from the cylinder but connected to the 
wiring, and is called an igniter pin. 

As the cam B rotates it raises the tappet rod G and allows the 
spring J to bring the ignition lever in contact with the rod K, 
so that current may flow from K to H, and so to " earth." 
When the roller reaches the radial face of the cam, however, the 
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Fio. 66. — Eisemann Low-Tension Magneto Ignition. 

spring F asserts itself and causes the rod G to hit the striking 
lever and separate the points, thus firing the charge. 

Provision is made for the advance and retard of the time 
of firing by interposing a lifter C between the rod G and the 
cam B, which is actuated by the lever D. By moving C in one 
direction or the other the necessary effect is obtained. N is the 
position for the retard and V that for the advance of spark. 

* 182. Magnetic Igniters. — To avoid the use of tappet rods and 
a working part in the cylinder walls, which are generally asso- 
ciated with the ordinary low-tension system and so considerably 
simplifying the actuating mechanism, many attempts have 
been made to evolve a satisfactory magnetic igniter. The 
general principle upon which these igniters work is that the 
" make-and-break " is effected by the magnetic attraction 
exerted by an electro-magnet formed by passing a current 
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Pio. 67.— 
Bosch Magnetic Igniter. 



through a coil of wire surrounding a piece of soft iron. In some 
cases, the cores were spring-actuated, but the heat from the 
engine cylinder invariably so weakened 
the spring after a longer or shorter 
period of use, that it was unable to 
perform its work. Some were not so 
ambitious and permitted a working 
part in the cylinder walls, but endea- 
voured to substitute a magnetic device 
for the tappet mechanism, having a 
plunger to work through a gland into 
the cylinder. This, again, was unsuc- 
cessful, on account of the delicacy of 
adjustment required at the gland, and 
so it had no extensive use. In the 
Bosch igniter a much better system of 
operation is employed. 

* 183. Bosch Magnetic Igniter. — This 
is in three parts (see Fig. 67) — the 
plug body, which is in metallic contact 
with the cylinder ; the coil body, which is insulated from the 
plug body ; and an interrupter lever. 

The interrupter lever rests on a steel knife-edge and is kept in contact 
with the contact block 21 by the spring 3, which 
presses against the back of the interrupter just inside 
the knife edge. The spring, owing to its disposition, 
has a very slight movement, and is also well protected 
from any hot gases, being placed right into the coil 
body. 

The coil body has its lower end screwed to the pole 
piece of the plug, thus forming a complete electro- 
magnetic system, the armature of which is the upper 
part of the interrupter lever. 

The contact pieces 20 and 21 are mounted upon the 
» I interrupter lever and the plug body A, the latter 

II Li III reaching into the interior of the combustion chamber. 
The two contacts are pressed against each other by 
means of the spring 3, and are separated only at the 
time of sparking, at which moment a current flows 
through the coil. For this purposo one end of the 
winding is in connection with the current carrying 
ring 6 and through this also with the insulated terminal 
ft, whoreas the other end is electrically connected by 
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means of the screw 2G to the body of the coil. The latter, as well as the 
pole piece and the interrupter, are insulated from the plug body by means 
of the steatite cone 22 and the mica washers 18. The two contact pieces on 
thin type have a special form, inasmuch as the fixed contact takes the form 
of V into which the moving contact drops (see Fig. 68). The interrupter lever 
also has a slight side play. Should, for instance, the left side of the contact 
(through soot, deposit from oil, etc.) prevent a good connection, the head of the 
lever when dropping down would slightly slide to the right-hand side of 
the fixed contact and thus make a perfect conductor. 

The magneto for generating the current for this igniter is 
shown in Fig. 69. 

Between the pole shoes of the double magnet I rotates a shuttle arma- 
ture 2 carrying two current-producing windings, one being a continuation 

Del 



Fig. 69.— Magneto for Magnetic Igniter. 

of tho other ; these will be described later as the main and auxiliary 
windings. The beginning of the main winding is connected to the armature 
core, and the end connection of both windings leads to the contact piece ;t 
which pastes through the hollow portion of the armature spindlo, being 
insulated from the latter. This contact piece 3 carries on the outside the 
contact breaker disc 0, to which it is electrically connected. The auxiliary 
winding in connected with the piece '1'A, into the nose of which screws tho 
fastening screw 4, which fixes tho contact-breaker, and at the same time 
conduct-' the current to the coutm-t piece 5. The contact pieces 3 and 3 
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as well as the screw 4 are insulated from the armature and also from the 
contact breaker disc 6. 

The contact piece 5 carries a platinum screw, which is pressed against 
the short platinum screw by means of a spring that is fixed to the bell 
crank lever. The latter is electrically connected to the contact breaker 
disc and thus short-circuits the auxiliary winding so long as the two 
platinum points are in contact. This circuit is, however, interrupted as 
soon the bell crank lever is depressed by the steel segments of the timing 
lever. 

The connection of the main winding to the distributor is made in the 
following manner : A brass cap 12 is fitted tightly over the contact breaker, 
but insulated from same. A carbon brush, mounted on a spring, is fixed 
into this brass end cap and presses against the electrically connected fasten- 
ing screw 4, thus completing the circuit through the cap 13, spring 14 to the 
centre carbon 16 on the distributor. In the distributor disc 17 carbon 
brushes are placed round the centre carbon 16. Each of these brushes are 
in connection with terminals 18 on the outside of the distributor disc, which 
in turn transmit the current through single -wire cables to the corresponding 
magnetic plugs. 

To accomplish this, gear wheels are provided, the larger one carrying a 
brass segment 19 which distributes the current from the centre contact 
brush to the various terminals. 

The electric current is generated in the two windings by revolving the 
armature in the magnetic field, and attains a maximum voltage twice during 
each revolution, the two maximums being 180 degrees apart, and thus giving 
two sparks in one complete revolution of the armature. The auxiliary 
winding is short-circuited by the contact breaker just previous to the current 
attaining its maximum. At the moment of sparking, this short circuit is 
interrupted, and the main current, reinfoiced by the extra current, is con- 
ducted over the distributor to one of the magnetic plugs. 




Fig. 70. — Diagram of Connections for Bosch Magnetic Ignition. 
M.C.B, 'A 
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Fig. 70 shows the system of connections for a four -cylinder 
engine, in which the magnetic plug of No. 1 cylinder is in 
operation. At the extreme right is shown the contact breaker 
which short-circuits the auxiliary winding. At the moment of 
short-circuiting, a sufficient current in the main winding is not 
produced, but when the circuit is broken by the separation of the 
platinum contacts of the contact breaker, the voltage in the main 
winding is raised and the current flows through the coil of the 
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magnetic plug which is then in contact with the segment of the 
distributor. Owing to the sudden flow of current through the 
coil of the magnetic plug, the upper portion of the interrupter is 
vigorously attracted, effecting a quick break of the contacts. This 
in turn produces a powerful and very hot spark by means of the 
sudden interruption of the current in the same fashion as the low- 
tension mechanical break-and-make ignition. 

134. The Poller High tension Magneto is illustrated in 
Fig. 71. 

The armature is wound with a low-tension winding only. One end of 
hie wire is connected to earth oc the iron cure of the armature (see Fig. 72), 
and the other end io connected to the insulated stud 1. Upon this stud 
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presses a carbon brush 3 attached to a brass spring 2. This bpring serves 
to conduct the primary current which is generated in the armature direct to 
the contact breaker and transformer. The spring is connected in parallel 
with the insulated part of the contact breaker 4 which carries the platinum 
screw 5, and is also connected to the primary winding of the trans- 
former fl. 

The induction coil is situated within the arch of the magnets IB above 
the armature 19, and is held in position by the two end plates. It is placed 
inside an ebonite tube provided with brass caps. From one end of the 
tube two brass plungers 14 and 16 project. The plunger 16 makes 
electrical contact with an insulated brass stud 2j which runB through the 
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Fig. 72. -Fuller H.T. Magneto. 

contact breaker, and is in electrical connection with the armature 
winding 26. This plunger is connected to the primary winding of the 
transformer. The other plunger 14 conveys the current which flows 
through the primary wiring of the insulation coil back to the earth or frame, 
and thus completes the primary circuit through the armature. 

The high-tension distributor is fixed at the driving end of the magneto. 
The high-tension spark is taken from the transformer by a spring 
plunger 12 to the distributor wheel spindle, and thence to the rotating 
arm and carbon brush 13. Good electrical contact between the spindle 
and rotating arm is ensured by means of a spring- loaded ball, which runs in 
a groove on the spindle. The two extreme plugs on top of the distributor 
are connected to the lower metal segments inside the distributor. 

The contact breaker arm 7 is actuated by a spring which presses the 
platinum point 22 of arm against the platinum -tipped screw 5, which 
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is carried by the insulated bracket 4. The cam 9 hoe two ridges 
stamped in it, and these quickly separate the platinum points 22. The 
contact arm ia fitted with a fibre roller to minimise friction. 

Normally, the current generated in the armature passe.' along this brass 
arm 2 to the platinum -tipped contact screw 5. It then passes across the 
platinum points 22 to earth (the frame of the magneto). This completes 
the circuit of the armature current. 

Twice during each revolution of the armature, and at the moment when 
the armature current ia at its maximum, the platinum points are separated 
by means of the raised grooves 8 in the disc cam 9. The current then 
rushes along the insulated stud 25, across the spring contact 16, through 
the primary winding (> of the transformer, and returns to earth through 
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the spring contact 14. This sudden flow of current in the primary of the 
transformer produces an induced high-tension current in the secondary 
winding 10, and this is conveyed to the distributor arm by means of the 
spring contact stud 12. This current is then distributed to the meana of 
four cylinders by the carbon brush 13, and the metal segments in the 
distributor 17. 

135. The Bosch H.T. Magneto (D.U.4. Type). — A section 
through this magneto ia shown in Fig. 73. 

The armature carries two windings the primary and the secondary — the 
earthed end of tho secondary being attached to the live end of the primary. 
so that the two wirings form a continuous length of wire. The earthed 
end of the primatj' winding is connected to the armature core and the live 
end is connected to brass plate 1. Through the centre of this disc passes 
fastening screw 2, which serves — firstly, to hold the contact breaker in place, 
and, secondly, to conduct the primary current to the platinum screw block 3 
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of the contact breaker. Screw 2 and contact piece 'J are insulated from the 
contact breaker disc 4, which is in metallic connection with the armature core. 
Platinum screws is located in contact piece 3. Pressed against this platinum 
screw, by means of spring 7, is the bell crank lever 8, with platinum screw 6, 
which is connected to the armature core, and thorefore with the beginning 
of the primary winding. The primary winding is thus short-circuited as long 
as the bell crank lever 8 is in contact with platinum screw 5. The circuit is 
interrupted when the lever is rocked, and the condenser 9 is connected in 
parallel with the gap formed when the contacts break. 

The end of the secondary winding leads to the slip ring 10, on which slides 
a carbon brushll, held by thecarbon holder 12, and thus insulated from the 
magneto frame. From the brush 11 the secondary current is conducted to 
terminal ID, from whence it passes 
to the spring current conducting- 
rod 14, and to the centre distributor 
contact 18. From there its path is 
to the carbon brash lti, the latter 
rotating with the distributor gear. 

The metal segments 19 are em- 
bedded in the distributor dine 17, I 
and as the carbon brush 10 rotates, 
it makes contact with the respec- 
tive segments of the distributor. 
Attached to the metal segmouts of 
the distributor are the connection 
terminals 20 to which are fixed the 

conducting cables to the sparking ' 

plugs. 

From the end of the secondary 
winding, the high-tension current 

is distributed to the respective Fla 74 . . Uoijch ILTi Magneto, 
cylinders, according to their firing End View, 

order. The current produces the 

spark which causes the explosion ; it then returns through the motor frame 
and the armature core to the grounded end of the secondary winding. 

The contact breaker Is fitted into the rear end of the armature shaft, which 
is bored out and provided with a key way. The contact breaker is held in 
position by screw 2 ; by removing same the former can be easily taken out. 
In replacing same care should be taken that the key fits into the keyway, 
acd that the screw 2 is well tightened. 

The short-circuiting and interrupting of the primary current is effected 
twice during each revolution of the armature by means of the contact breaker 
lever 8 on one hand, and the steel segments 21, which are arranged in 
the timing lever 116, on the other. As long as the contact breaker lever 8 
is pressing against the contact screw j, the primary current is short -circuited, 
The rocking of the lever by means of one of the steel segments 21 effects 
the break of the primary circuit, and ignition occurs at this instant. The 
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distance between the platinum points when the lever is depressed by the 
steel tegmenta munt not exceed 0-4 mm. This distance may be adjusted by 
menus of the screw 5. 

A safety sparking gap in arranged on the dust cover 22. 

The variation in the time of ignition iseffected by causing the interruption 




Fig. 7o. — Wiring for Bosch II. T. Magneto. 

of the primary circuit to take place earlier or later. For this purpose the 
timing lever 116 is arranged to be either advanced or retarded, which pro- 
duces either an early or a late inter- 
ruption, and consequently an early 
or a late ignition. 

A diagiam of wiring for a four- 
cylinder engine is shown in Fig. 75. 

1S6. The Kes, H.T. Magneto. 

— Ab Btated in Article 130, the 

current in the primary winding 

vises and falls in strength as the 

y , - ( , armature rotates, there lieing a 

position at which the current is 

a maximum. At any other position of the armature the current 

will )>e Ht a reduced pressure, and if the circuit is there broken 

the spark produced in the cylinder will l>e less effective than at 

the maximum position. It is not difficult to see that, if the 

position of the armature at "break" iB far removed from the 

maximum position, the resultant current pressure in the 
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secondary may be insufficient to give a spark, or, at all events, 
to produce a rapid ignition of the charge. The claim which is 
made for this magneto is that the range of effective ignition is 
greatly increased by the use of a bell-shaped magnet (see Fig. 76). 
These bell magnets are rotated in order to obtain the advance 
and the retard of the spark, the contact breaker remaining 
always in the same position relative to the armature and conse- 
quently breaking the circuit when the current in the primary 
winding is at its maximum. 

187. The armature I rotates within the bell-shaped magnet 100 in ball 
races 17 and 18, and is wound with a primary and a secondary winding. 



Fig. 77.— Mea H.T. Magneto- Types A. and F. 

The end of the high-tension wiring of the armature In insulated and con- 
nected with the slip ring 4 (see Fig. 77). Thin ring is shown darkened in the 
illustration, and the centre is covered with a metal ring. The current is 
taken from this slip ring by a cnrbon 77, which is fitted in a holder 7tj and 
.screwed in the cover SI. Carbon 77 has n Npring ut one end. and presses on 
the slip ring. The other carbon 7M, which is screwed iu the cover, serves 
lac purpose of giving the current from the armature to the casing a better 
passage. The thick wiring is electrically connected to the thin by the 
screw 21, this also taking the current to the contact breaker. The con- 
tact breaker consists of a disc 27, which carries the short platinum 
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screw 33. The other platinum screw 34 is adjustable and fitted to a spring 30 
fixed to the insulated contact 28 on disc 27. The contact breaker is actuated 
by the stud ring 40 (this having two notches), which is screwed on the side 
of armature. Through the turning of the contact breaker the notches of 
the stud ring 40 press against the roller 31 of the disc 27, and thus lift the 
spring with the platinum screw. 

In order that the contact may be easily examined, the case has a piece 
cut out on top. The cover for same, 101, is fitted on the inside with a spring 
and carbon 102. This carbon presses against the contact breaker screw 24, 
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Fig. 78.- Mea H.T. Magneto -Types A. and F. End View. 

is insulated, and is connected with screw 103, this latter being necessary 
when it is required to fit a cut-out switch. A condenser 12 is fitted parallel 
to the contact breaker and in the right-hand side of the armature cap. 

The variation of the timing is effected by the movement of 
the bell-shaped magnet in the casing 104 by the contact-breaker 
case, which is kept in its place on the outside cover by the 
screw 105. 

On the bearing cover 61, above the front ball race, is fitted the 
distributor plate 70, which has 4 metal segments, these being 
connected with the holes in which the terminals 108 are inserted. 
The distributor plate is so made that at the bottom end it fits 
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firmly on a ledge, whilst at the top end it is fixed with an adjust- 
able screw 107, which presses it on the bearing cover. On the 



inside of this distributor revolves the distributor finger 66 with 
carbon 68. The current is led to this carbon 68 by carbon 76 by 
a detachable bridge 84, and is then distributed to the various 
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segments. The distributor finger is rotated by the gear wheels 
7 and 72. The top gear wheel 72 has marked on one side of 
it numbers or lines 
* — m — * which correspond to 

thecy Under , and these 
numbers can be seen 
through the window 
j 62. The figures or 
lines shown at the 
window give the posi- 
tion of the distributor 
finger and which 
cylinder is just about 
i 36^ ^+ receive the spark. 

" — 1 ' The spark gap is 

Fio. 80.— Contact Breaker. eonstructedbyasmall 

wheel on the distri- 
butor axle, and above it in the case is fitted the pin 110 across to 
which the spark would jump. 

138. Euemann H.T. Magneto, with automatic advance. — Tbe 
construction of this magneto is shown in Figs. 79 — 81. There 
is a primary and secondary wiring wound upon the armature 
core, one end of the former l>eing attached to the armature body 
while the other end is taken to the centre of the contact breaker 
d, being insulated from the armature by the bush e. The 
live end of the secondary winding is also insulated from the 
armature and is connected to the live ring ;», whi6h is locked 
in position by the ring washers « and o. A carbon pencil w 
is pressed against this " live " ring and carries the H.T. current 
along the rod h and tube j to the distributor finger c, upon 
which a carton brush b is mounted. The H.T. current to 
tbe plugs is taken by the plunger g. A spark gap k is 
provided lietween the H.T. lead j and the frame to discharge 
the current induced in the secondary in the event of a lead being 
disconnected from the plug. 

Normally the current flows through the primary winding to d, 
across the contact studs on the contact breaker (Fig. 80) to the 
frame. But when the rubber strikes either of the two screw 
leads bIiowii in the figure, the contact studs are separated, breaking 
the circuit. 
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So far, it will be seen that the magneto differs little except in 
the details of construction from the ordinary tyj>e of magneto ; 
hut there are two points of interest in this machine — the pole- 
pieces and the automatic advance. The pole-pieces are not made 
parallel through their length, but are tapered as shown in 
Fig. 81. 

By this construction it will be observed that in all positions 
the armature will be partially overhung by the pole-pieces at 
diagonally opposite corners— the direct result of which is that 
the armature will act as a "keeper," even when vertical, and 
thus assist the magnets in the retention of their magnetism. 
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Pio. 81. — Eiseraann Pule -pieces, 

But the electrical effect is, however, of greater importance, for 
the lines of force which leave the core when the armature 
reaches its vertical position are immediately re-established 
there, though in an opposite direction — thus permitting a 
current of greater maximum strength to be induced than would 
otherwise be the case. 

139. Automatic Advance and Retard. — The disadvantages 
attaching to the use of fixed ignition are referred to in Art. 153. 
With the object of simplifying the method of control, and at 
the same time gaining the benefit to l>e derived by the variation 
in the position of the timing lever, the Eiseinaini automatic advance 
and retard was devised, as shown in Fig. 79. Instead of driving 
the armature shaft from the engine direct, a rapid thread is 
turned on the spindle driven by the engine, which moves in a 
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corresponding nut sliding in a two-faced guide attached to the 
armature. Two balls are pivoted at one end on the end of the 
armature, and at the other are connected through links to the 
nut mentioned previously. 

As the armature rotates, the balls fly outwards gradually, the 
greater the speed the greater their displacement, and in so doing 
draw the nut towards the armature. As the nut moves along 
the thread, it gives the armature a forward movement, thereby 
advancing the spark. It will be seen that the effect of this action 
serves another desirable object, namely, it enables the contact 
breaker to be fixed relative to the armature, so as to always 
break the primary circuit when the current is at its maximum 
voltage. 

140. Dual Ignition. — The intensity of the spark produced at 
the plug is proportional to the speed of rotation of the armature ; 
consequently, at low speeds of rotation, the spark obtained in 
the cylinder may be insufficient to fire th8 charge effectively ; 
and as it is necessary to retard the spark when starting up, in 
order to prevent a back-fire, the spark is still further reduced 
in intensity just at the time when a hot spark is desired. The 
result of this is that if the magneto is timed for easy starting, 
the highest speeds are not possible, while if high speeds are 
aimed at, the amount of retard is insufficient to prevent some 
little risk and difficulty in starting up the engine. 

The first method employed to obviate this was to use two 
separate sets of plugs, one being connected to a magneto and 
the other to a coil. But from the fact that one set of plugs 
were not in use under normal running conditions, these often 
became sooted up and when next required would not fire the 
charge. There was also an increased complication in the 
wiring which, to say the least, was undesirable. 

For these reasons dual ignition came into existence and is 
now largely fitted on up-to-date cars, while on small cars a 
"duplex" system is sometimes employed. It will be seen later 
that the dual system provides not only for easy starting and 
switch-starting but also a stand-by system of ignition for use in 
the even!; of the failure of the magneto. 

In the dual system it is generally the custom to use 
two contact breakers, because of the "lag" of the coil and 
accumulator system. With the magneto, the current is already 
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flowing through the primary wiring when the break occurs, 
but with the coil and accumulator the current is only 
started in the primary at the position of " make " ; con- 
sequently, an additional advance is required to be given to 
the contact breaker when on coil and accumulator. The manner 
in which this is effected will be seen as the systems are 
described. 

141. The Fuller Dual System. — This is shown in the Fig. 82, 
and will be seen to differ from the ordinary magneto system in 




Fig. 82.— Diagram of Wiring for Dual System. Fuller H.T. Magneto. 

the addition of a stationary distributor, a dashboard switch and 
an accumulator. The magneto coil is used for transforming the 
battery current to a higher voltage. 

When the magneto is used for firing the charge, the current flows 
through the centre of the armature spindle to the brass piece at the right, 
along the upper of the three wires shown in Fig. 96 to the switch. The 
two smallest contacts in the switch are bridged over and connected to the 
largest segmental contact. The current, therefore, passes from across the 
two small contacts and out through the lowest horizontal wire to the left- 
hand finger of the stationary distributor, and from thence to the contact 
breaker to earth. When the points of the contact breaker are separated, 
he current at the switch passes over the bridge to th° larger segment, 
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along the middle of the horizontal wires to the middle linger, and then 
through the primary to " earth." 

When running on the accumulator, the switch has the largest segment 
connected to the bottom left-hand contact. The current from the accumu- 
lator positive then passes across the hridge to the largest segment, through 
the middle horizontal wire and the middle finger, through the coil to 
" earth" — then through the contact breaker and the left-hand finger of 
distributor and the lower of the three wires to the switch and from thence 
to the negative pole of the battery. 

Should there l>e gas in the cylinders of the engine, it may lie 

fired by quickly rotating a handle on the front of the switch on 

the dashboard, when the switch 

is in the " on " position for the 

accumulator. 

142. Bosch Dual System. — In 
this system a coil is used on 
the dashboard and may be either 
horizontal or vertical. The ver- 
tical type is shown in Fig 88. 

The coil body, consisting of a start- 
ing device with trembler, condenser, 
coil and switch, is constructed as seen 
in the figure. The movable gun-metal 
cover 2, with a wing-shaped switch 
handle 1, is attached to the coil body 3, 
which is made of insulating material 
by means of a recess and a collar. 
The starting press button 4 projects 
through the centre of this cover, which 
is connected to the coil body by a 
catch bolt, so that both can be rotated 
together by means of the wing-shaped 
Fio. N3.— Bosch Dual Coil, switch handle, and be brought into 

one of the positions marked "O" 
("off "position) "A" (battery ignition) or " M " (magneto ignition). The 
base of the coil case is formed by the connection plate ti, and the contacts 
of the rotating switch plate 7 press against it. The connecting up of the 
various circuits takes place, therefore, between these two plates whenever 
the switch handle 1 is moved to one of tho indicating marks. 

The cablo connections are protected by an insulating cover, fastened on 
the horizontal coil by n milled-edged nut, which is also used to carry the 
cable connecting the coil with the frame ; this protecting cover is slotted 
so that the other fivo cables can be passed through (see Fig. 86). On the 
vertical coil, however, the frame connection is inside the cover, the latter 
being screwed on the connection plate. 
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The coil body consist* of the cylindrical iron cord 10, which carries the 
winding. This winding is made up in two parts, (ho primary and the 
secondary, the former consisting of a few turns of heavy wire, and the 
latter of many turns of tine wire. The beginning and the end of both 
windings are each connected to a metal segment on the switch plate 7 and 
soldered. The end of the primary winding ia, however, first taken to the 
starting arrangement and is then led to the metal segment. The primary 
circuit is arranged outside the coil, so that the beginning of the primary 
winding is led to the battery, and the end through the battery contact 
breaker on the magneto to the frame. The secondary circuit outside the 
coil leads from the end of the secondary winding through the distributor 



Fig. 84.— Bosch Dual Magneto. 

and the sparking plugs to the frame, and from there back to the beginning 
of the secondary winding. 

The starting device is fitted on the plate 11, this plate being screwed on 
to the iron core 10, and carrying in addition the condenser 12. The 
starting arrangement consists mainly of the press button 4, the contact 
spring 13, trembler 14, and the auxiliary contact breaker 15 and 10. By 
depressing the button 4 fully, the platinum points are brought into contact 
and the trembler begins to operate, If the contacts on the contact breaker 
are separated, then the sparks caused by the trembler will start the motor, 
provided, of course, that the cylinders contain a suitable charge of gas. 
Should the battery contact breaker be closed, the engine can still be started 
from the driver's seat, since the act of depressing the press button 4 opens 
the circuit which would be closed in the ordinary way by the auxiliary 
contact breaker 16 and 16, and consequently a spark is produced. 

The separation of the contacts is obtained by depressing the button, 
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which causes the flat spring 15 of the contact breaker to separate from the 
upper contact of the bridge 1(1. As the flat spring 15, however, touches the 
lower contact of (he bridge 10. the circuit i* again closed nnd eonsoquently 
only one spark is obtained, and not a series of sparks, when the button i- 
| "reused and released again. If it is impossible to start the engine with 
these single sparks, then the depivssmg and releasing can be repeated 

It is, of course, always to be understood that the cylinders are filled with 

a siitable gas mixture for starting. If this is not the case, then the 

engine can only be started in the usual way by means of ihe starting 

handle. This method of starting, 

however, is greatly facilitated 

witli the later pattei-n of the 

Bosch coil, since the starting 

press button 4 can be put per- 

16* ^ mane ntly into the depressed 

position, so that the trembler is 

D continually operated by merely 

. turning the button to an angle 

a of 90 degrees. With the button 

l^fl in this position, the circuit is 

closed by the auxiliary contact 

breaker, and consequently a 

-_ trembler ignition ch.ii be obtained 

only during the periods when the 

contents on the accumulator con- 

■J tact breaker on the magneto are 

138 opened, which is the case when 

the armature is being rotated. 

For this reason it is impossible 

3 to get a back-fire. 

The magneto for use with 

d l this coil differs somewhat 

140** 136*- 5 3 1370 fwmflM oriintty-D.UJ." 

Fio. 85.— Uosch Dual Magneto. type (see Figs. 84 and 85). 

In place of the connecting bridge and of the carbon holder on the front 
end plate, a new carbon holder 12Tb is used, having a terminal nut and at 
spring 128, the latter forming a connection to the safety sparking gap. 
The special triangular clamp 129 is provided with a carbon holder 130b and 
with a brass connecting piece 131 for short circuiting the magneto. The 
new ebonite cover 132a has a tapered hole through which passes the 
carbon holder 130b. The new rotating distributor piece 133b shows on the 
front a metal plate, which is in connection with the distributor carbon 15 
and the carbon holder 130b. The new end plate cover 13da is designed to 
carry tho additional timing lever 135d, in the interior of which the battery 
contact breaker is arranged. 
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The latter consists o! a bell crank lever 136c, which in held in such a 
position that the short platinum screw 138 presses against the long platinum 
wrew 139a. The platinum screw 139j is fitted to the battery terminal l40d, 
which is insulated from the timing lever 135d, and is provided with a milled 
nut for filing a cable. The battery contact breaker is operated by the 
revolving steel cam, which is placed behind the new magneto contact 
breaker 141, so that the battery contact breaker, and the magneto 
contact hreaker, open simultaneously. The action of the magneto contact 
breaker is the same with the dual ignition Bystem a* on a normal machine. 
The fibre deflection rollers 1U are, however, fitted in a roller bearer 142d, 



Fig. 86.— Bosch Dual Wiring. 

which is detachable from the timing lever. The new magneto contact 
hreaker 141 is fixed on the rear end of the armature by means of the 
contact breaker screw 143. 

The wiring diagram for this system is shown in Fig. 100. 
Under ordinary conditions of running 8 and 4 on the coil are 
bridged over, and the H.T. current generated in the secondary 
winding of the armature Hows in at 8 on the coil, out at 4 to 
the H.T. distributor at 4 and from thence to the plugs. When 
using the accumulator, the current from the buttery positive 
goes to " earth," and from " earth " through the magneto to the 
coil contact breaker — out at 1 on magneto to 1 on the coil, 
through the primary winding of the coil, out at 5, to the 

H.C.E. K 
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negative terminal of the battery. The induced current in the 
secondary winding of the coil is then taken from 4 to the 4 
on the H.T. distributor. The L.T. lead of the magneto 2 is 
Bhort-circuited when using the accumulator. 

143. Simmi Dual System (Type A). — This system is illus- 
trated in Figs. 87 to 89. 

The coil consists of a laminated iron core 1 (see Fig. 87), on which are 
wound the primary and secondary windings, and to which is fixed the 
casing '2, containing the condenser 3. On casing 2 ia fixed the trembler 
starting arrangement, a vulcanite plate 4 carrying the connections 5, a 
connection plate 6 fixed to core 1, an insulating tube 7, a cover 8 to protect 
connections 5, and a cover 9. To cover 8 is fixed a handle for partially 
rotating the switch. In casing 2 is a screw, which engages with the 



Fig. 87.— Simnis Dual Coil— Type A. 

cover H ; thus when the latter is partially rotated, the whole internal system 
of the coil move*: with it, and can be brought into any of the positions M 
(magneto position), O (" off " position, when both systems are in- 
operative), or A (accumulator position). The contacts 12, fixed in the plate i. 
press against connection plate li, thus when the handle 10 is brought into 
position opjiosite the letters M, O, A, the various circuits are connected for 
the position indicated. 

The iron core 1 carries two windings, the primary and the secondary. 
One end of the primary winding is connected to the connection plate 6, 
then to the battery through the connections a on vulcanite plate 4. The 
other end goes to the contact breaker (battery) and then to the frame. The 
secondary circuit leads from one end of the secondary winding through the 
distributor to the sparking plugs, then to the frame, and then to the other 
end of the secondary winding. 

The trembler arrangement is fixed to casing 2. The trembler blade 13 
is pivoted on piece 14, and is held in position by spring 15. Trembler 
spring 16 is connected to the condenser connection 17, and to which is fixed 
a phitinuut point 18. In starting, the switch is turned to the A position ; 
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the plunger 19 is depressed until tbe platinum point 20 makes connection 
with platinum point 18. Thus the primary circuit is completed through 
casing '2, iron core 1, connection plate 6, and stud 21 to frame. The 
trembler 13 vibrated, owing to the attraction oE the iron core 1 and pull of 
spring 16. A high-tension current is induced in the secondary winding, a 
series of sparks taking place at the plug of the cylinder favourable for 
firing. The trembler action ceases when plunger IS) is released. 

The SimmB Dual Magneto (Type A) is shown in Fig. 88, and differs 
from their ordinary type in that on the contact end plate is fitted an additional 
timing lever 23 carrying a bell crank lever, which moves about a pivot, and 
into it is screwed a platinum -pointed screw which makes contact with a 
platinum -pointed screw. Behind the magneto contact breaker 28, and 
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fixed to it by screws is a cam which, in revolving, produces the " make- 
and - break " of the battery contact breaker. Fixed to, and insulated 
from,'the timing lever 23 is a bracket, into which the battery connection is 

A locking damp is provided with a carbon brush-holder, through which 
the high-tension current is conducted to the distributor by means of a stud 
and brush. On the collecting brush-holder is a terminal for high-tension 
connection to coil. 

The diagram of connections for dual ignition is shown in 
Fig. 89. 

144. Hall Dual System.— The construction of the magneto 
used in conjunction with this system is shown in Fig. 90. 

In this case the armature has a douhle winding — the primary 
and secondary— connected as shown, one end of the primary 
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to the armature body and from thence through the earth brush 
to frame, and the other end to the magneto contact breaker. 
The condenser connections are clearly seen in the figure. A 
carbon brush presses against a disc at the end of the armature, 
and makes contact with the brass spring attached to the 
insulated rod extending to the left from the condenser. The other 
side of the condenser is in metallic contact with the frame. 
The secondary winding has one end attached to the primary and 
the other to a central pin in the end of the armature spindle— a 
lead being provided to the collector ring on which a carbon 
brush presses. A flexible H.T. wire conveys the current from 
the end of this brush to the centre of the H.T. distributor 
show T n to the right, from which it is distributed to the several 
cylinders when the magneto is used as an ordinary magneto, 
but in the Dual system it is first taken to the coil and then back 
to this terminal (see Fig. 91). 

The distributor runs at one-half the speed of the armature, 
and has on its under-side a contact breaker for use with the 
accumulator. It is driven off the armature shaft by the worm 
seen in the figure. The advance and retard is effected by the 
rod underneath the magneto. It operates the magneto contact 
breaker in the usual manner, but the requisite and greater 
movement of the coil contact breaker is produced by lifting a 
sleeve on the vertical shaft which carries the distributor driving 
gear. As the worm wheel is raised or lowered, it moves round 
along the teeth of the worm, and so causes an advance or 
retard to be given to the contact breaker and the distributor. 

The coil is placed upon the dashboard, and consists of a 
trembler coil, condenser, and switch with suitable terminals. 

The diagram of wiring is shown in Fig. 91. "When using the 
magneto for firing the charge, the high tension current is taken 
to E on the coil, and passes out at C to the centre of the H.T; 
distributor. When running on the accumulator, the current is 
taken to A, passes through the coil to D and from thence to the 
battery contact breaker and earth. The induced current in the 
secondary is then led to the centre of the H.T. distributor as 
before. B is then " earthed." 

For switch- starting, the switch is tapped over smartly by the 
foot, which " earths " D and permits a current to pass through 
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the primary of the coil and cause a spark at the plug should 
one of the pistons be in a suitable position. 

145. C. A. V. Dnal System.— Fig. 92 shows the construction 
of the C. A. V. Dual magneto. This alBO has a primary and 
secondary wiring on the armature, and the connections to the 
collector ring and earth are much the same as previously detailed. 
The live end of the primary winding is taken to the insulated 
portion of the contact breaker 171, against which a carbon brush 
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FlO. 92.— G. A. V. Dual Magneto. 

393 presses. This brush is connected through the steel spring 
and pillar 618, which keeps the vulcanite cover in position on 
the end of the contact breaker to the terminal marked M P on 
the coil (Fig. 98). For accumulator ignition this terminal is 
"earthed." The vulcanite cover 687 to the contact breaker has 
four segments on its inner face, the two opposite of which are 
iu connection with the terminal 187. A carbon brush (not 
shown), carried upon the contact breaker base, rubs upon these 
segments and completes the circuit for the battery. 

When the magneto is in operation, the H.T. current from the 
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collector ring is carried from 640 to the terminal M on coil 
(Fig. 98), passes from thence to D and to the middle terminal on 
the top of the H.T. distributor, where it is led to the centre 
carbon brush and directed by the distributing arm 675 and 
carbon brushes 892 to the sparking plugs. When running 
on the accumulator, the primary winding of the armature is 
earthed by a lead taken from 181 to the M P on the coil. The 
battery current enters the coil at A, passes through the coil out 
at C C T to the terminal on the vulcanite cap which is in com- 
munication with the brass segments on the inner face. Here 
the circuit is broken, and the induced current in the secondary 
winding of the coil leaves at D on the coil for the distributor as 
before. The return of the primary current to the negative pole 
of the battery is through the frame. 

Advance and retard is effected by the rotation of the contact 
breaker casing, a stud being fitted so that any movement given 
to the contact breaker is communicated to the block H79 carrying 
the four distributor terminal segments. 

146. Simms Dual System (Type S). — The object of this system 
of ignition is to enable easy starting to l>e effected at the 
minimum of expense and alteration. The principal modification 
necessary in the standard machine lies in the contact breaker. 
From Figs. 94 and 95 it will be seen that fitted to the timing 
lever is a fibre communicator cover A, into the inner face of 
which four brass segments are fixed. To two opposite ones B, 
Bi are fixed terminals C. On the contact breaker are two 
brushes, one D in contact with the contact breaker base, the 
other Vj in contact with the contact piece, and insulated from 
"earth." In the centre of the commutator cover A is a brush - 
holder F, in which is a brush (I, which makes contact with the 
hexagon -headed screw H. The brush holder F projects through 
the cover A and forms the connection through spring J for 
"earthing" the magneto. Fitted within the timing lever is a 
cam ring in which are two recesses at 180 degrees. The fibre heel 
of the contact breaker rubs on the inside of the cam ring, the 
rounded faces formed by the recesses forming the make and 
break. The platinum points are brought together just prior to 
breaking. The brushes D and E make contact with the 
segments B, Bi only when the platinum points of the contact 
breaker are open and leave the segments before the points close. 
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The switch ia shown in Figs. 96 and 97 and consists of a 
casing K, in which partially rotates a cover L to which is 



Pio. 95.— SimmB Contact Breaker Cover. 

attached a handle M. Partial rotation to the left or right is 
limited by screw N and ends of slot 0. Fixed to the inside of 
cover L and insulated from it is a brass bar P, which carries a 



Fio. 96.— Sitmns Dual Switch. 

platinum-pointed screw which forms part of the trembler spring. 
To adjust platinum-pointed screw remove cap Q. Moving the cover 
to the left switches the accumulator system on ; to the right it 
switches the magneto on ; the mid position makes both systems 
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inoperative, and in that position it is located by a ball and 
spring. Fixed to the brass bar F are laminated forked contacts 
R and S, the former being 
insulated from the bar. 
T is a fibre ring into 
which five contacts are 

fixed, and are arranged L 

to come beneath the con- 
tacts R and S. V is the K 
soft iron core, around 
which is wound a coil. On 
the core is fixed a brass 
plate I, which carries the 
trembler system. W is 
a condenser, being held 
in position in casing X 
by a spring. This spring 

forms the connection Fig. 97.— Shams Dual Switch, 

from the condenser to 

the coil, and is brought out on fibre ring T. On the fibre ring 
are four terminals for receiving the various external wires, two 
of which are from the magneto, one from a 6-volt battery, and 
the remaining terminal is 
coupled to earth. 

Figs. 98 a, b and c show 
the connections in the 
"accumulator," "off" and 
" magneto " positions, the 
magneto connections being 
omitted. In the " accumu- 
lator " position the current 
flows from the accumulator 
to contact 2, through 
switch contact R to con- 
tact Zi, through coil and trembler, switch contact S to contact Y, 
segment B in commutator A, through primary winding of 
magneto to segment Bi, and then to battery. 

ThuB the coil within the switch acts as a trembler for the 
primary winding of the armature. Hence the necessary high- 
tension current is produced in the secondary winding, and is 
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Fig. 98b. 



distributed to the plugs in the usual way. It will be observed 
that the battery ignition is timed a little later than the magneto, 
this being necessarily so, as otherwise the contact breaker on the 
magneto would tend to short-circuit the self-starter just at the 
time when it was being brought into operation. The result, 

however, is that imme- 
diately after the engine 
has got under way by 
virtue of the battery and 
coil, the magneto takes 
up its ordinary function 
and does the work of igni- 
tion, even though other 
later sparks may still be 
caused to jump across the 
plugs under the imme- 
diately following influence 
of the battery system. In the "off" position the battery is cut 
out of action, since the switch contact R makes no connection 
between the contacts Z and Zi, and the switch contact S makes 
contact between the contact Y and the contact Y2, thus " earth- 
ing" the magneto in the 
usual way. In the "mag- 
neto " position, the accumu- 
lator is switched off as in the 
"off" position, the switch 
contact S being off the con- 
tacts Yi and Y a . 

147. Bosch Duplex Igni- 
tion. — This is another 
system for facilitating the 
operation of starting up. 
The coil (see Fig. 99) con- 
sists of a cylindrical coil case 1 provided with a flange. 
Inside this coil case is the switch plate 2, securely fitted to the 
iron core 8, the two ends of the winding of which are connected 
to the switch plate. The iron core carries the cover 4 with 
switch handle 5, by means of which the armature, as well as the 
switch plate 2, can be rotated inside the coil case. On the end 
of the coil case the connection plate 6 is arranged, and the 




Fig. 98c. 
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terminals 7 of this connection plate are connected to the contact 
springs 8. These establish the various connections when the 
switch is being operated by 
means of the handle 5. The 
movement of the switch is 
limited by the guide screw 9, 
which passes through the 
coil body and so comes in 
front of the coil itself, which 
on this account has three 
recesses which hold the coil 
in the various desired posi- 
tions. For this purpose 
also the contact springs 8 
are so arranged that they 

press heavily against the y 1Q gy 

coil and push it against the 

guide screw. In order to prevent any ill-usage of the coil or the 
starting of the car by an unauthorised person a locking arrange- 



Fio. 100.— Bosch Duplex System ot Wiring. 

ment is provided on the coil, so that it can be locked by means 
of the special removable key 10. 

For starting, the switch handle 5 is put in a vertical position, 
so that the winding of the coil is in connection with the primary 
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winding of the magneto, the effect of this being that by the aid 
of the current from a 4-volt battery the output of the magneto 
is increased by self-induction. The magneto, therefore, gives a 
strong spark at the very lowest starting speed, amply sufficient 
to ignite the gases under compression. 

A diagram of the connections for a two-cylinder engine is shown 
in Fig. 100. 

Questions on Chapter XL 

(1) Name and state the use of the several parts of a high-tension 
magneto. 

(2) Sketch some form of contact breaker and explain its action. 

(3) How is the current generated in the primary wiring of a 
magneto ? 

(4) Explain the construction of a high-tension magneto. 

(5) Give a diagram of wiring for a high-tension magneto, showing 
the direction of current, for a four-cylinder engine. 

(6) How T is advance and retard effected in the Mea magneto ? 

(7) Explain the action of the Bosch magnetic igniter and say in 
what way it is superior to the older types. 

(8) Make a sketch allowing the make-and-break mechanism in a 
low -tension ignition system. 

(9) Compare high and low-tension magneto ignition. 

(10) What is the essential difference between the Fuller magneto 
and the Simms magneto ? 

(11) What is the object of automatically advancing and retarding 
the spark, and how is this achieved in the Eisemann system ? 

(12) Explain what is meant by a dual system of ignition. 

(13) Describe the Fuller system of dual ignition, indicating the 
direction of current. 

(14) Describe a dual system in which the magneto has a double 
winding upon the armature, and show the connections to the plugs 
and the accumulator. 

(15) Why is a greater amount of advance necessary with the* coil 
and accumulator than with a magneto ? 

(16) How is this increased advance obtained in any two dual 
systems ? 

(17) What is duplex ignition, and why is it fitted ? 

(18) Draw a diagram of wiring for a two-cylinder engine fitted 
with duplex ignition. 

(19) Explain the Bosch duplex ignition, showing the direction of 
current. 

(20) Point out the relative merits of dual and duplex ignition. 



CHAPTER XII 

ENGINE CONTROL SYSTEMS 

* 148. It is somewhat strange, seeing to what an extent stan- 
dardisation has been carried out in the modern car, that a more 
uniform system of control has not been adopted. At the 
present time one frequently sees examples where the design of 
the control mechanism does not appear to have received that 
attention which its importance merits. In order to clear various 
parts of the engine or the chassis, it has been necessary to intro- 
duce a multitude of levers, joints and cranked rods, which, no 
matter how securely tbey may be fastened in the first instance, 
are apt to become loose after they have been in use for a time ; 
while the multiplying effect of wear at a large number of pins 
soon makes itself felt. It is sometimes the practice to use wires 
for transmitting motion to the various levers, the replacement 
of which is effected by the aid of springs. This method cannot 
be recommended, as the seizure of the mechanism which it 
operates, or the breakage of a spring, may not be discovered until 
some accident has become imminent. Simplicity should be the 
keynote of all engine control, whether automatic or mechanical, 
so that all possibility of trouble from some mechanical defect 
may be thereby reduced to a minimum. 

* 149. Automatic and Mechanical Control. — There are two forms 
of control of the car — automatic and mechanical — the former 
being usually applied to the engine alone, while the latter is 
fitted to both the engine and the transmission gear. 

The automatic control is generally obtained by the use of a 
centrifugal governor, although, occasionally, governors operated 
by the pressure in the circulating water system or the exhaust 
pressure have been employed. A system in which the time of 
ignition is automatically controlled by a governor, but not for the 
purpose of controlling the engine, is described in Art. 189. 

M.C.E. o 
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With the centrifugal governor it may operate in three different 
ways : — 

(a) By throttling the exhaust. 

(b) By altering the lift of valves. 

(c) By actuating an auxiliary throttle in the inlet pipe. 
Methods (a) and (b) have now been discarded, and are not 

likely to be revived, so it is unnecessary to discuss them here. 
But with regard to (e), this form of control is sometimes success- 
fully applied to the engine, and will, therefore, receive some 
attention. 

* 150. The Centrifugal Governor may be constructed in many 
ways, but a common type has two bell-crank levers pivoted about 
a fixed point on the framing, the free ends of the lever being 
loaded with balls, while the other ends engage with a grooved 
sleeve, sliding upon a central driving shaft. The sleeve is kept 
in position along the length of the spindle by means of a spring. 
By suitably proportioning the arms of the bell cranks and the 
weight of the balls, the speed of rotation can be made to be 
the same for all positions of the balls, that is, for all positions 
of the throttle. The governor is then said to be " isochronous." 

When the engine is running at the speed for which the 
governor is set, the pressure exerted by the spring just equalises 
the centrifugal force transmitted from the balls. But as soon as 
any increase of speed takes place, the increment of centrifugal 
force causes the sleeve to be moved, until the total load on the 
spring balances the centrifugal force, thereby closing the throttle. 
Further increase of speed causes the throttle to be closed still 
more, until a speed is reached which the engine cannot exceed, 
as sufficient gas is prevented from entering the cylinder. 

It will be seen that much of the efficiency of the governor 
depends upon the accuracy of its adjustment ; and seeing that it 
must be capable of acting over a large range of powers, it is 
obvious that this is not a very easy matter. Even with some of 
the very best governors used in generator work, difficulty is 
experienced in setting them, so that they will not allow any given 
speed to be exceeded when running light, and, at the same time, 
allow the highest loads to be carried at the highest speeds. It 
is this trouble with the adjustment that has sometimes caused 
owners to disconnect the governor altogether. But there is 
no doubt that when in good working order it prevents those 
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excessive speeds which are so destructive to the life of the 
engine. 

The governor should be free from a tendency to " hunt." Hunt- 
ing is due to the friction of the parts composing the mechanism. 
Supposing now that the load on the engine is reduced, the 
immediate effect is an increase in speed ; but before the governor 
can act, the centrifugal force has to overcome the friction at the 
joints, etc., and by the time this is effected, the engine speed may 
have risen considerably above the limit. On the governor operat- 
ing it cuts down the revolutions, but in doing so it closes the 
throttle too much for the correct speed, with the result that there 
is an alternate rise and fall of the revolutions. Governors are 
all subject to this tendency, to a greater or lesser extent, and, 
once started, is difficult to stop except by steadying the engine 
with the throttle, but the liability to this defect can be reduced 
considerably by efficient design and the elimination of friction as 
far as possible. 

* 151. Mechanical Control. — The driver may control the action 
of the following parts of the car if fitted : — 

(1) The clutch. 

(2) The brakes. 

(3) The main throttle. 

(4) The auxiliary throttle. 

(5) The ignition. 

(6) The extra air inlet. 

Obviously the clutch and the brakes must be placed under 
mechanical control. They are operated as follows : The clutch 
by the left foot and the front wheel or the propellor shaft brakes 
by the right, while the rear brakes are hand-operated by a side 
lever. This is the general practice and is not departed from in a 
single instance, so far as is known. A drawing of the pedal gear 
is given in Fig. 101. 

* 152. With regard to the provisions of an extra air control, it 
is much to be regretted that this is not oftener fitted. It is 
true that the multiplicity of levers frequently causes bad driv- 
ing, and in the hands of the average driver is undesirable, 
yet it must be conceded that there are many who would be quite 
capable of using such a device effectively. Too much reliance 
is placed upon the accuracy of carburetter adjustment and of the 
automatic air fitting there frequently provided. If the extra air 

o 2 
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on the carburetter is correctly adjusted, a difficulty is often 
experienced in starting the engine ; so in order to obtain easy 



starting, one ie prone to tighten up the spring to enrich tlie 
mixture. With an extra air valve under mechanical control, this 
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would be entirely avoided, and a driver would gradually get to 
feel when his engine is working most efficiently, and thus obtain 
a better petrol consumption. 

* 158. Although the importance of simplicity has been empha- 
sised at the beginning of this chapter, there is a limit to which 
it may be efficiently carried. With the view of simplifying the 
control, the lever for advancing and retarding the ignition has in 
some cases been dispensed with. As has already been pointed 
out, different mixture strengths require different times of firing, 
so unless a uniform strength of mixture is always maintained 
in the cylinder, at some times the engine will be running on a 
retarded spark and at others on an advanced spark. This will be 
very wasteful to fuel. 

Some results of tests made on a standard engine fitted with 
fixed ignition were recorded in the Autocar for May 21st, 1910, 
and on the diagram given it was shown, that for the same power 
at 650 revolutions of 23 b.h.p. under both fixed and variable 
ignition, the power obtainable under the two systems was 29 b.h.p. 
and 38 b.h.p. respectively at 1,050 revolutions, and 18 b.h.p. 
and 15'7 b.h.p. respectively at 400 revolutions per minute, a 
reduction of over 12 per cent, at the higher speed and over 17 per 
cent at the lower. In addition, with some positions of the spark- 
ing lever, it was found to be impossible to run the engine slowly 
without knocking. The disadvantages of the system may therefore 
be summed up as follows : loss of power at high and low speeds, 
inability to run at low speeds and a noisier engine. No doubt 
there are cades where engines have good petrol consumptions 
with fixed ignition, but these would be improved upon if timing 
levers were provided and used. 

* 154. Methods of Control. — The methods of controlling the 
speed of the engine may be briefly summarised in the following 
manner : — 



Main Throttle. 




1. , From steering column with 

accelerator pedal. 

2. ; From steering column with 
I accelerator pedal. 

3. Accelerator pedal. 

4. ; Interconnected 



From steering column 
Fixed 
Fixed 



Extra Air. 



From dashboard. 
Automatic Carburetter. 

•i »i 
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The simplest method of control is that indicated at 8, to fix the 
ignition — use an automatic carburetter and fit an accelerator pedal 
for opening the throttle. On a car so fitted, the driver has only 
to depress or raise the accelerator pedal in order to regulate the 
speed of the car. The merit of such a system is, that once the 
gear is adjusted to give the best average conditions of running 
over the entire range of speeds and fixed in that position, the car 
may be placed in the hands of the novice, and the maker will 
know that a moderate efficiency will be obtained. It is also 
assured that he must remove his foot from the accelerator pedal 
and so slow the engine down before he declutches or before he 
applies the brakes, according as the pedal is between the clutch 
and brake pedals or to the extreme right of them. 

But where a large amount of continuous driving is indulged in, 
such a system is extremely tiring, because it is necessary to keep 
the foot in a more or less fixed position, unless the car is 
driven with a full throttle, when the foot merely rests upon the 
pedal. 

The operation of the throttle by a pedal is, however, good in 
principle, as harmonious working is more likely to be obtained 
between the feet than between a hand and a foot. This is of 
importance when changing gear, and has the additional advantage, 
that while the left hand retains control of the steering, the right 
hand is free to operate the change speed gear lever. The 
accelerator pedal is, therefore, to be found on practically all 
cars, sometimes alone, but more often in conjunction with a 
separate throttle lever. The pedal may operate an auxiliary 
throttle in the inlet pipe, but is generally connected with the 
main throttle, as by such an arrangement the main throttle 
lever can be placed so as to allow the engine to just run when 
declutched and the control effected by the pedal. At the same 
time, the driver is free to use either the pedal or the hand 
lever. 

The main throttle, as well as the ignition lever, should be placed 
on the steering wheel in order to be readily accessible, and it 
seems somewhat of an advantage for them to rotate with the 
wheel rather than to move over a fixed quadrant, as is frequently 
the case ; for then the levers may be grasped between the two 
fingers, and there is not the liability to knock one of them over 
when it is necessary to suddenly alter the direction of the car. 
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It is desirable that the connections with the operating levers 
should move forward for acceleration, as that is the more natural 
movement 

Occasionally the throttle and the ignition are controlled by a 
single lever on the steering wheel, a link being interposed between 
the lever on the throttle and the distributor or the contact breaker 
so that the throttle and the ignition are inter -connected. But the 
timing is not dependent upon the position of the throttle alone, 
for the speed of the engine has as much, if not more, influence 
upon the correct time for firing the charge. It will therefore be 
clear that the best results will not be obtainable with this form 



Fig. 102.— Sheffield-Simple* Pedal Control. 

of control, although it is hardly necessary to add they will be an 
improvement upon those from an engine having fixed ignition. 

• 155. An interesting system of foot control is illustrated in 
Fig. 102 in which the throttle is operated by the pedal there 
shown. This pedal is mounted on ball-bearings, and connected 
on its underside to levers and connecting rods, so that a sideways 
movement actuates the throttle. This system is fitted to the 
Sheffield- Simplex car, and, as is apparent, is extremely simple, 
while it dispenses with the necessity of keeping the foot in a 
cramped position for any length of time. 

In Fig. 103 an arrangement seen on the 15 h.p. Standard car 
is shown by means of which pure air can be admitted to the 
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cylinder. An adjustable screw is provided which limits the 
movement of the throttle lever on the steering wheel when 
closing. By depressing the pedal lever, the block against which 
the screw presses can be displaced, and a further movement of the 
throttle made possible, thus allowing pure air to enter through the 
inlet seen in the figure. 

* 156. On the whole, the most desirable system seems to be 
that in which the throttle in the inlet pipe is actuated by a lever 
on the steering wheel acting in conjunction with an accelerator 
pedal, with an extra air inlet lever on the dashboard, while the 




Fig. 103.— 15 h.-p. Standard Throttle Gear. 

ignition is controlled by a lever on the steering wheel. By this 
means a position can be obtained for the extra air lever which 
gives the best mean results, and then the driver who wishes for 
the minimum of trouble has only the levers on the steering 
column to attend to. The objection which is taken to the full 
control is mainly due to the lack of knowledge on the part of the 
driver, but as his acquaintance with the car becomes more close, 
he will gradually find himself using the extra air lever and thus 
obtain better performances. 

A switch should always be fitted upon either the dashboard or 
the steering column, in order to permit the ignition to be switched 
on and off at will 
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Questions on Chapter XII. 

(1) Make a diagram showing the levers for the full control of 
a car. 

(2) What objections are there to fixed ignition, and why should 
the ignition be advanced or retarded according to the speed and power 
of the engine ? 

(3) How does the governor operate in controlling the speed of an 
engine, and why is it not more often fitted ? 

(4) Sketch a governor together with the controlling levers. 

(5) Why is the accelerator pedal so universally employed ? Sketch 
the system of levers between the pedal and the throttle. 

(6) Sketch and describe the inter-connected system of control. 

(7) Why should the extra air valve be under mechanical control ? 

(8) Make a diagram showing the connections between the brake 
lever and the rear brakes. 

Note. — The reader is referred to the Autocar for 20th February, 
1909, in which various systems of engine control are clearly shown. 



CHAPTEE XIII 

ENGINE COOLING SYSTEMS 

157. The water jacket or other cooling device upon the 
cylinders of an internal-combustion engine is necessary in order 
that it may be possible to retain some lubricant between the 
piston and the cylinder walls, and thus prevent excessive loss of 
power through the friction between the surfaces. The question 
of lubrication is therefore connected with that of cooling, and an 
air-cooled engine must be supplied with an oil having a greater 
viscosity than is necessary for a water-cooled engine, because the 
higher temperature of the cylinder walls causes a greater reduc- 
tion in viscosity. 

This necessity for cooling is one of the disadvantages of the 
petrol engine, between 80 and 40 per cent, of the heat of the 
petrol being carried away by the cooling medium, and even 
then no less than 7 per cent, of the power developed in the 
cylinder is absorbed in overcoming the friction of the pistons, 
that is, about 80 per cent, of the heat contained in the petrol. 
These figures are for the full power of the engine, but the heat 
lost to the water with a reduction of power, and the work lost in 
friction, are but slightly reduced, and consequently at light loads 
the mechanical efficiency of the engine is very low. This is one 
of the reasons why the steam engine can compete on such level 
terms as regards fuel consumption with the petrol engine. 

158. Overheating. — The importance of efficient cooling can be 
judged by the behaviour of the engine when overheating occurs, 
as when driving in traffic or when ascending a long hill. Under 
these circumstances, there is insufficient air passing through the 
radiator (or around the cylinders in an air-cooled engine) to 
abstract the heat from the water, with the result that the 
hot water is returned to the cylinders, but slightly reduced in 
temperature, where it receives more heat, until at length boiling 
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takes place. If a thermo-syphon system of cooling is fitted, the 
trouble may be aggravated by the formation of a steam-lock in 
the piping, for then the circulation ceases. It must not be 
imagined that the metal forming the cylinders is kept at the 
temperature of the cooling agent, for the outside of the cylinder 
is only slightly above that temperature, which gradually rises 
as the inner surface is approached, where it reaches a maximum 
still far below the temperature actually existing in the cylinders. 
Thus overheating causes, firstly, a great waste of power in piston 
friction, and secondly, may permit the inside temperature to rise 
sufficiently as to cause pre-ignition, with its harmful effects. 

The temperature at which the cooling water should be depends 
not only upon the class of lubricant employed, but also upon the 
size of the cylinder. Strictly speaking, no best temperature can 
be specified ; but from experiments which have been made with 
a varying temperature of cooling water, it seems to lie for all 
engines between 150° and 200° F., generally about 170° F. 

159. Air Cooling. — This system of cooling has been used very 
extensively in America on motor cars and generally on motor 
cycles, but its sphere of usefulness must be limited to the latter 
class of vehicle, unless high continuous speeds are possible. 
For car use in England the air-cooled engine as usually con- 
structed is not suitable, but it may be made so by fitting a 
casing round the cylinders and inducing air to pass in close 
contact with the walls by means of guide blades. But when 
this is done, the question arises as to whether the power 
required to drive the fan, plus the additional complication and 
expense in fitting jihe cooling casing, is not at least equal to that 
met with in the water system, and unquestionably the latter is 
more efficient as a cooling system. 

Air cooling has been successfully employed on motor cycles, 
because of the exposed position of the engine, and because it is 
free from complications. Attempts have been made to use 
cooling water, but the increased weight and space required, 
combined with faulty construction in some cases, has led many 
people to prefer the air-cooled engine with its simplicity, even 
though it has a tendency to overheat. It has also been adopted 
on some forms of aero-engines, notably the rotary type, where 
the conditions of use are quite different from those met with in 
car work. But none would even suggest that such cooling is to 
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be preferred, as the great power required to revolve the cylinders 
in a rotary engine and the frequency of break-downs cause it to 
be considered as the " refuge of the destitute/' and as time goes 
on, even if it has not now arrived, the disadvantage in weight 
of the water-cooled engine will not be regarded as of any 
importance compared with its greater efficiency and reliability. 

The object of casting ribs or fins upon the cylinders of air- 
cooled engines is to present a greater cooling surface to the air. 
Metal is a good conductor of heat, and so the heat from the 
cylinders travels rapidly along the fins and is taken up by the air 
passing over them. The fins should be so placed as to allow the air 
to flow freely over the surface, as unless the direction of motion of 
the air is along the ribs, the fullest benefit will not be obtained. 

As dull black surfaces are the best radiators of heat for the 
highest efficiency, the outside surface should be dull black, but 
occasionally this is sacrificed for appearance. 

160. Water Cooling. — This system is almost universally adopted 
both here and on the Continent. It consists of a jacket which 
embraces the cylinder and contains water, the circulating pipes 
and a means for cooling the water. Frequently a pump is also 
fitted to ensure the rapid circulation of the water. 

There are therefore two systems of water cooling — thermo- 
syphon and forced circulation. Between the two there is not 
much to choose, except that one can rely upon the water 
circulation and absence of a steam or air lock when the latter is 
fitted. It is more important, however, that the pipes used in a 
thermo-syphon system shall be of large bore, so that the velocity 
of flow through them may be small, and all bends should be 
avoided. It is sometimes averred that the forced system breaks 
down in the event of pump failure, but if a centrifugal pump is 
used this is not so, as there is a clear space for the flow of water 
and thus thermo-syphon cooling is automatically instituted. 

The thickness of the water space is relatively unimportant, 
being determined rather by considerations of casting the cylin- 
ders, but the positions of the inlet and outlet pipes require care 
in placing. The flow of water should be such that the cooler 
water enters the jacket at the coolest part and rises to the 
hottest part. The outlet should therefore be over or near the 
exhaust valve, and the inlet in such a position that the flow of 
water carries it over the hottest portions of the cylinder. There 
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should preferably be a large body of water around the exhaust 
valve. The depth to which the jacket should extend down the 
cylinder is a matter of opinion, but it would seem to be always 
desirable to cool down to the level of the top of the piston when 
on the bottom centre. 

Equal cooling is necessary in order that there may be no 
distortion due to the heat from combustion, as, unless this is 
effected, there may be some places where the flow is very small 
and overheating thereby caused. This is one of the demerits of 
casting cylinders en bloc, especially when no water space is 
allowed between two adjacent cylinders, as the uniform thickness 
of metal cannot be guaranteed. 

The flow of water in a thermo-syphon system is obtained 
because water when heated is lighter, bulk for bulk, than when 
at a lower temperature, consequently it rises and cooler water 
flows in to take its place. But if the temperature is sufficient 
to cause steam to be generated, and there is a bend downwards 
in the outlet pipe, such steam prevents the circulation of water, 
and thus more steam is produced, which makes matters still 
worse. The water should therefore rise continuously through a 
pipe from the top of the cylinder to the upper portion of the 
radiator where it is cooled and sinks to the bottom, being cooled 
still further as it passes downwards. 

The accompanying figure shows the diagram of circulation on 
the 20-28 h.p. Wolseley car. 

All branches taken off a pipe should be taken in the direction 
of motion of the water, and where the water divides up into two 
or more pipes, a Y piece should be fitted in order that the flow 
may be continuous. 

A drain cock should be fitted at the lowest point of the system, 
so that the water may be drained off when standing during cold 
weather. 

161. Pumps. — The types of pumps used in a forced circulation 
system are three in number — centrifugal, gear and shutter — 
although the plunger pump has been employed on some large 
engines. The shutter pump is not now very often used, on 
account of excessive wear and its liability to derangement. 

The centrifugal pump shown in Fig. 105 is used on the 
Wolseley car. It consists of a disc, having fins directing 
radially and inclined in the direction of motion, which fits 
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within a casing. The water supply is to the centre of the disc, 
which, as it rotates, throws the water out at its circumference, as 
seen from the figure. In the diagram, in addition to the main 
supply, there is also one from the carburetter which is heated by 
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the cooling water. The disc is driven from the engine by a 
shaft which runs in very long bearings, being kept in a central 
position in the casing by collars upon the shaft. The length of 
these shaft bearings is important, as wear would permit the 
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vanes to engage with the sides of the casing and cause jambing. 
The shaft is made water-tight by the metallic packing shown, 
while provision for lubrication is made by fitting a grease cup. 

The gear pump is formed by two wheels which gear together 
in a casing, one wheel driving the other (see Fig. 29). As the 
wheels rotate, they carry round water between the teeth and the 
casing, which, when the teeth mesh together on the outlet side, 
is forced out through the pipe. A shallow groove is cut on the 
sides of the wheels and along each tooth, which fill with water 
and prevent leakage past the teeth. It is an excellent form of 
pump and lends itself to simplicity of driving. 

162. Radiators. — One method of cooling the water after it has 
received heat from the cylinders, and that which is almost 
universally employed, is by means of a radiator. This is formed 
by two casings between which tubes are placed ; sometimes the 
water is passed through the tubes, as in the gilled tube and 
straight tube types, and sometimes outside the tubes, as in the 
honeycomb type. The radiator is filled from the top, and a 
strainer should be placed over this inlet in order to prevent 
impurities from gaining entrance into the system. 

The gilled tube is the oldest form of radiator, and has given 
good service in the past, but is gradually giving way to the 
honeycomb form with its lighter construction and greater 
efficiency. It is formed by either a single length or a number 
of lengths of copper tubes, along which rings are soldered so 
as to provide a larger cooling surface. When a single length 
of tube is employed, it is folded upon itself, so as to be of 
compact form and also to allow the gradual descent of water 
from one end to the other. This radiator carries a large 
quantity of water, as the tubes must be of sufficient bore to 
allow the free passage of water, but it has only one joint to each 
tube, which is a great advantage. 

The honeycomb type has risen rapidly into favour on account 
of its clean appearance, lighter construction and its high efficiency. 
It provides the maximum surface for the minimum of weight, 
both of metal and of water. It is built up of a large number of 
short lengths of tubes having their expanded ends so shaped 
that when placed in position they butt up against each other, 
leaving a space around the tubes and between the ends through 
which the water passes. The tubes are tinned and soldered 
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together at the ends and to an upper and lower chamber, thus 
forming one complete vessel 

The air passes through the tubes, and as there is only a small 
quantity of water in contact with a large external surface, the 
cooling effect is very great. There is, however, a maximum 
length which these tubes can be made for any given bore, oil 
account of the friction of the air through the tubes. 

In modern radiators with the usual diameter tubes this length 
seems to be about 5 ins. after which any increase in length 
is not accompanied by any increase in cooling, because the 
quantity of air passing is reduced. 

The presence of the many soldered joints is, however, a dis- 
advantage which has to be recognised, as, although they are easily 
plugged in the event of leakage, such stopping must reduce the 
efficiency of the radiator, apart from the unsightly appearance 
which it causes. 

The straight tube type is one which is occasionally seen, and has 
its low cost to recommend it. It is very heavy compared with either 
the honeycomb or the gilled tube types, and is not so efficient, 
while it takes up a greater amount of space for the same effective 
cooling area. 

The outlet and inlet pipes from and to the engine are not 
directly connected to the radiator, but a short length of rubber 
tubing is interposed, secured against leakage by clips which are 
fastened over the tubing. This is necessary in order that the 
radiator and its attachments may not be subjected to the vibra- 
tion of the engine and also to allow for expansion ft hen the engine 
and the radiator warm up. 

168. Position of Radiator. — Of late there has been a tendency 
towards the dashboard radiator, and this has much to cause it to 
be more extensively employed. So far as appearance is concerned , 
much must be allowed for convention, but there is a distinctive 
note when the radiator is fitted to the rear of the engine. On the 
score of efficiency there is little advantage in placing it either to 
the front or at the rear, except that it cannot be considered good 
practice to allow dust-laden air to pass all over the engine and 
possibly draw some into the cylinder. With the dashboard 
radiator this is avoided, while in addition the engine is more 
accessible when the bonnet is raised. Several examples are illus- 
trated in Figs. 11, 187 and 192. 

M.C.E. P 
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When the dashboard radiator is employed, the air passes in at 
the upper half of the tubes, is directed downwards and leaves 
underneath the footboard. The flywheel is then either fitted 
with blades on its rim or else its arms form the blades, so as to 
act as a fan and draw air through the radiator (see Figs. 11, 106 



Flu. 106.— 16-9 A rm strung- Wlit worth Engine, Flywheel End. 

and 192). Under these circumstances the engine casing must lw 
made air-tight. 

164. Fan*. — In order that the radiator may be cooled when 
standing still with the engine running or travelling at low speed, 
as in traffic, and also to assist in cooling when on the road, a 
fan is fitted behind the radiator. This is driven by a belt from 
the engine or the gear shaft, usually the latter. Care should be 
taken that provision is made for tightening the belt, as after a 
short time the belt stretches aud, unless the tension is maintained, 
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will slip and be of no service. About the simplest way in which 
this can be effected is by mounting the fan spindle upon an 
eccentric bush, which, on being rotated, displaces the centre of 
the spindle and thus tightens the belt. Ball-bearings, although 
eminently desirable, are not absolutely necessary. 

The fan may be made out of sheet steel in one piece, but 
often the blades are separately riveted to a central disc. The 
construction of these fans may be seen on reference to Figs. 7, 
12, 19, 186, etc. 

Questions on Chapter XIII. 

(1) Why is it necessary to fit a cooling device to the cylinders of 
internal-combustion engines ? 

(2) Make a sketch showing the construction of a centrifugal 
pump, giving the direction of rotation of the wheel and the flow of 
water. 

(3) Sketch a thermo- syphon system of cooling. 

(4) Compare honeycomb, gilled tube and straight tube radiators. 

(5) How is overheating caused in petrol engines ? 

(6) What is the use of a fan, and how is it constructed ? 

(7) Discuss the relative advantages of placing the radiator in front 
and at the dashboard. 
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CHAPTER XIV 

CRANE EFFORT DIAGRAMS 

* 165. In all engines, excepting the turbine, there is a variation 
in the torque transmitted by the crankshaft, the magnitude of 
the variation depending principally upon the number of impulses 
per revolution, the range of effective pressure upon the piston and 
the speed of revolution of the engine. In addition, the manner 
in which the pressure upon the piston is converted into a turning 
effort on the shaft is not conducive to a uniform torque. The 
factor which affects this variation to the largest extent is the 
number of impulses given by the engine, and, consequently, the 
twisting moment on the crankshaft of a petrol engine, working 
as it does on a cycle in which only one stroke in two revolutions 
is a power stroke, will be far from constant. Some means are 
therefore desirable in order to reduce this lack of uniformity of 
torque, as the resistances offered to the passage of the car are 
virtually constant, and any effort above that necessary to over- 
come these resistances is utilised in increasing the rotational speed 
of the flywheel and the transmission gear, which in turn increases 
the speed of the car. This, however, cannot berapidly]effected, owing 
to the inertia of the moving vehicle, and therefore excessive stresses 
are induced in the mechanism and damage done to the tyres. 

The flywheel which is fitted to all car engines has as its func- 
tion the removal of these damaging shocks upon the transmis- 
sion gear ; but in order to be fully effective at all speeds with 
single-cylinder engines, it would require to be of large size and 
weight, which is in itself some detriment. Uniformity of torque 
has therefore been obtained in modern engines by increasing the 
number as cylinders, as, by suitably arranging the cranks, the 
twisting moment due to one cylinder can be made to overlap 
that from another, the maximum value from one crank being 
attained when that from another crank is at its minimum. The 
effect of this may be seen on reference to Art. 172 where the 
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ratios of the excess energy over the average energy of a number 
of engines have been tabulated. 

* 166. Before the crank effort diagram for an engine can be 
drawn, it is first necessary to take an indicator diagram from the 
cylinder of the engine under consideration, and the curve of 
crank effort which is finally obtained is correct only for the 
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Fig. 107. — Crank Effort Diagrams. 

particular speed of revolution at ichich the engine was running 
ichen the diagram was taken. Frequently, however, it is suffi- 
ciently accurate for practical purposes to construct a theoretical 
indicator diagram. 

Using the diagram given in Fig. 88, it is first set out for the 
four strokes represented thereon as shown in diagram A Fig. 107 
by the full line. This diagram then represents graphically 
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the pressure acting on the piston at any instant in the cycle, 
and it should be noted that the pressures within the cylinder on 
the second, third, and fourth strokes retard the engine, and so 
for the purposes of crank effort are negative. But the load 
due to the pressures here recorded is not the effective load at the 
gudgeon pin, as some force is required to overcome the inertia 
of the piston and the parts which reciprocate with it, so the 
diagram must be corrected for inertia. 

The velocity of the piston is changing from instant to instant, 
starting from zero velocity at the ends of the stroke, and reaching 
a maximum value near the position where the crank makes a 




Fig. 108. — Piston Velocity Diagram. 

right-angle with the connecting rod. This variation in velocity 
is shown graphically in Fig 108 and is obtained as follows : — 

* 167. Piston Velocity Diagram. — Draw the crank in the position 
for which the velocity is required, and produce the connecting 
rod until it cuts the line ON in M. Then to the same scale that 
00 represents the velocity of the crank, OM represents the 
velocity of the piston. These values have been plotted to the 
right of the figure on a stroke base. 

Proof. — The velocity of the piston V is along PO which has a resolved 
part along the connecting rod of V cos <f>. 

The velocity of C is at right -angles to 00 — tangential to the crank circle— 
which is the resultant of the velocity of T cos oc along the rod and T sin x at 
right-angles to it, 

V cos <f> = T cos oc 
cos <p = sin OMP 
cos x = sin MOO 
V : T : : sin MCO : sin OMP 
OM : OC. 
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* 168. Acceleration. — The force necessary to produce this change 
of velocity and accelerate the reciprocating parts must be supplied 
by the engine during the time that the velocity is increasing, but 
in the latter half of the stroke this inertia will assist in producing 
the rotation of the crankshaft. At any instant the magnitude of 
the force is the product of the mass of the reciprocating parts and 
the acceleration 

or generally — F = Mass X Acceleration. 

This acceleration pressure is positive, and must be subtracted 
from the pressure on the piston during the first half of the stroke, 
and negative, and so must \>e added to the pressure during the 
latter half of the stroke. 

Its value at the in-centre is a> 2 r M H — J and at the out-centre 

( 1 — -)i where a> is the angular velocity in radians, ?• is the 

radius of the crank in feet and ?? is the ratio of the length of 

connecting rod to crank. 

It should be noted that the mass of a body is its weight divided 

by the acceleration due to the force of gravity, 

W 
i.e. M = — 

.</ 

W 

so that F = X acceleration. 

9 

The parts which are considered as reciprocating are the piston, 
gudgeon pin and a portion of the connecting rod. The weight 
of the portion of the connecting rod is found by supporting the 
connecting rod horizontally on spring balances and taking the 
weight recorded by the balance at the gudgeon pin end. 

* 169. Klein's Construction. — The values for the acceleration of 
the piston at any point of the stroke may be found by Klein's 
Construction (see Fig. 109). 

In the figure, the position of the piston at which its acceleration 
is desired to be known is drawn and the connecting rod is pro* 
duced to cut the vertical diameter at T. On PC describe a circle 
having its centre on the middle point of the connecting rod, and 
with C as centre and radius CT draw another circle cutting the 
circle NCM in N and M. Join NM. 

Then to the same scale as CO represents the centripetal accelera- 
tion of the crank pin, OQ represents the acceleration of the piston. 
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CD the acceleration of P along the rod, and QD the acceleration 
of P about C. 

The acceleration of the crank pin is coV so that the acceleration 

of the piston is «fy X ^p. 

The acceleration of P being known, the force required to produce 
this acceleration is M a> 3 r x ^L,. 

It is usual to assume that the angular velocity of the crank is 




Fig. 109. — Klein's Construction for Piston Acceleration. 

constant, and calculations are much simplified by making this 
assumption. 

These values are then calculated and expressed as the pressure 
per square inch of piston, the resultant pressures being plotted 
on the diagram A. They are shown in diagram A in Fig. 107 by 
the dotted lines, and seeing that on the second and fourth strokes 
of the cycle the pressure within the cylinder is negative, the 
acceleration pressures are reversed in the spaces representing 
these on the diagram. The effective pressures per square inch of 
piston which exert a thrust in the connecting rod are section 
lined from left to right, while those which retard the engine are 
section lined from right to left. These have been plotted on a 
stroke base in diagram B, Fig. 107. 
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But as the reciprocating masses, the angular velocity, the crank 
radius and the area of the piston are constant, a large amount of 
numerical labour can be avoided by taking them out of the 
expression for the acceleration pressure and substituting their 
value. 

The acceleration pressure per square inch of piston is 

McoV QO t, , ,. MwV 
A " X OC' Jl,valuafcin g ~ a - an d multiplying by the actual 

length of QO on the drawing, a constant is obtained which 
it is only necessary to multiply by the lengths of OG for the 
varying crank position in order to obtain the acceleration 
pressure. 

* 170. Crank Effort. — Having obtained the pressures which are 

transmitted to che crankshaft, it is necessary to find the turning 

effort on the shaft. The force acting at P may be resolved in the 

two directions— one along the rod and the other at right-angles 

p 

to the direction of motion. The force along the rod is S = — 

cos<£ 

where P is the resultant force on the piston and <f> is the angle 

between the connecting rod and the centre line of cylinder. 

Its tangential component is 

T = S sin MCO 
__ P sin MCO 
~~ cos <£ 
_ OM 

~ 6c ■ 

Therefore, if the pressure on the piston is multiplied by the 
intercept on the vertical diameter of the crank circle and divided 
by OC, the result will be the equivalent crank effort, for T X OC 
is the twisting moment on the shaft. 

It will be noted that the diagram of twisting moment is 
also the diagram of piston velocity to a suitable scale, when 
the pressure upon the piston throughout the stroke is con- 
stant. 

These values of twisting moment are then plotted on a crank- 
angle base and represent the crank effort of a single-cylinder 
engine. (See Fig. 107, Diagram C.) From this diagram the 
crank effort for an engine having any number of cylinders of 
the same dimensions can be obtained by drawing the curves 
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of effort upon the same crank-angle base, but commencing the 
curve for any one cylinder at the correct position in the cycle. 
The diagram for a four-cylinder engine is illustrated in dia- 
gram D, summarised for four separate single-cylinder diagrams 
as shown. 

These diagrams C and D are very instructive, as showing what 
effect the inertia of the reciprocating parts have upon the actual 
turning effort upon the crank, especially at high speeds. It will 
also be clear that there will be some speed of revolution at which 
the engine will run with the minimum of vibration. 

* 171. Maximum to Mean Crank Effort. — Then, seeing that the 
curve represents the twisting moment on the shaft at any position 
of the crank in the cycle, it is clear that the mean height of the 
diagram will represent the mean crank effort. This is best 
obtained by finding the area enclosed by the curve and dividing 
it by the length ; then upon setting up the length of this 
ordinate on the diagram and drawing a horizontal line through 
its upper end, the mean crank effort during the cycle will be 
shown. This has been represented in diagrams C and D by the 
line MK. 

The ratio of maximum to mean crank effort will obviously be 
the ratio of the height of the maximum ordinate to the height of the 
mean ordinate, that is, as BN is to RS. The mean crank effort 

is equal to -^—^ — ^r^ lbs. feet where R is the radius of the 

u 2 77 RN 

crank in feet and N is the number of revolutions per minute, so 
that RS equals the value of this expression. 

* 172. The Diagram as a Measure of Energy. — In obtaining the 
diagram, the ordinates were made to represent crank efforts and 
the abscissae angles through which the crank turned, therefore 
the area enclosed by the curve represents the work done per cycle 
which is also represented by the rectangle MKTL. Similarly 
the shaded areas ABC, etc., represent the excess of energy 
supplied by the engine which is expended in increasing the 
speed of the car. Therefore, according as the point on the curve is 
located above, on, or below the line MK, so the effort is more 
than, equal to, or less than that required to propel the car at the 
required speed. 

Mr. Archibald Sharp, in his "Balancing of Engines," 
gives the following values for the ratios of excess energy to 
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the average energy of one revolution for four-stroke cycle 
engines : — 

Ratio of Excess Energy. 
.Number of Cylinders. Average Knerjry of One Revolution. 



1 

2 
3 
4 

5 
6 
8 



1-6 to 1-8 
0-8 to 1-1 

0*25 to 0-40 

015 to 0-25 

0-07 to 012 

0-05 to 0-08 

002 to 004 



* 178. Fluctuation of Energy. — It has been stated that the 
shaded areas above and below the line MK represent the excess 
of, and deficiency of, energy over the mean resistance. If the 
largest of these areas is denoted by AE, and that of the rect- 
angle MXYL, that is, the energy required to propel the car 
during one stroke or half a revolution is E, then 

-p- = Fluctuation of energy 

and AE is the energy which must be stored up and restored by 
the flywheel during the one stroke. 

To enable the flywheel to do this, its angular speed must be 
either increased or decreased, and the change of kinetic energy 
will be such as will be produced by the change of speed of 
rotation. 

If the weight of the rim of the flywheel is W, its radius of 

gyration is r feet, and its angular velocity is o> radians per second, 

W c«) v 
then the energy stored up in the flywheel is - - lbs. feet, 

so that the change of kinetic energy from <o to ft>i radians per 

Wr 
second is — (ft>i 2 — co 2 ), and if co is the mean angular speed of 

rotation and ft>i the permissible highest speed, then (a>i — o>) is 
the permissible increase of speed, and 

Wr 

• (a)! 2 - co 2 ) = AE. 

9 
The fluctuation in speed permitted varies greatly, according 
to the will of the designer, but, whatever value is chosen, it 
represents the difference between the highest and the lowest 
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speed of the engine and consequently («i — a>) is only one-half 
of this. 

Note. — The flywheel is mainly of service at slow speeds, as may 
be readily seen if calculations are made for the xveights of flywheels 
required for any given speed fluctuation at varying speeds and 
corresponding powers. 

Questions on Chapter XIV. 

(1) What does the crank effort diagram show ? 

(2) Draw a piston velocity diagram for an engine running at 
1,000 revolutions per minute which has a stroke of 5 ins. and a 
connecting rod 10 ins. long. 

(3) What is the maximum value of the acceleration pressure, in 
lbs. per in., in the engine given in Question 2, if the diameter of the 
cylinder is 4 ins. and the weight of the reciprocating parts is 7 lbs ? 

(Answer, 49*4 lbs.) 

(4) State what procedure you would follow in making a crank 
effort diagram. 

(5) If the permissible fluctuation in speed is 10 per cent., what 
weight of flywheel is it necessary to provide for a 4-cylinder engine, 
giving out 10 b.h.p. at 550 revolutions per minute? Assume a radius 

of gyration of 8 ins., and that -p- of one revolution « 0*25. 

(Answer, 84$ lbs.) 



CHAPTER XV 

CLUTCHES AND BRAKES 

The clutch is the mechanism by means of which the transmis- 
sion gear is connected to, or disconnected from, the engine. 

174. Use of Clutch. — Owing to the fact that the petrol engine 
is not self-starting, and that the working fluid has first to be 
drawn into the engine by some external agency, it is impossible 
to have a rigid connection between the engine and the transmis- 
sion gear. The necessity for gradually increasing the speed of 
the car from rest, so that its occupants may not be subjected to 
a back-breaking jar, nor the gear wheels, propeller shaft and 
tyres to destructive shocks, provide additional grounds for the 
adoption of an elastic medium between the engine and the road 
wheels. 

The considerations given in the preceding paragraph may be 
said to be the primary or obvious reasons for the existence of 
such a fitting ; but there is another, and quite as important 
reason, namely, the act of gear-changing. Without such a device 
the whole of the regulation necessary to equalise \he peripheral 
speeds of the two wheels in the gearbox which are to be brough 
into mesh would have to be done at the engine, with the result 
that the operation would be as uncertain as it would be lengthy. 
There is also the question to be considered of the damage and 
noise that might ensue at every attempt at putting gear into 
mesh at high speeds, or when starting from rest, or when revers- 
ing ; so it is clear that the provision of such a piece of mechanism 
is very desirable with the engine now fitted to automobiles. 

175. Requirements which a good Clutch should fulfil. — One of 
the most desirable features which a clutch should possess is 
simplicity. This is not the simplicity which comes from the 
avoidance of many parts, but rather from the absence of the need 
for many adjustments which it is too often necessary to make. 



i 
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The multiple disc clutch contains many separate parts, but an 
unskilled man can dismantle and re-assemble one without any 
trouble. It is easily understood. 

The clutch should also be self-aligning and self-contained. That 
is to say, if wear takes place in any part of the mechanism on 
either side of the clutch, the services through which the drive is 
taken should be true with one another ; and further, that if 
springs are used to bring the surfaces in contact, the pressure 
exerted by the spring should be against some rotating part and 
not upon a f^ed portion of the chassis. Occasionally one finds 
that the latter method is employed, with the result that during 
the whole time the car is in motion, the clutch spring, or a washer 
against which it presses, is rubbing against a fixed part and 
wearing it away. A ball-bearing improves matters, but does not 
eliminate the defect. 

It is obvious that the clutch should be quite free when out of gear 
and that small movement of the clutch member should suffice to 
take out the clutch, as, unless the parts are completely separated, 
some motion may result at an inopportune moment ; whilst small 
movement is desirable in order that both the pressure exerted by 
the foot on the clutch pedal, and also the magnitude of its move- 
ment may be small. It is also desirable that the clutch should 
permit of a certain amount of slipping before complete engagement 
is effected in order that the car may be gradually accelerated and 
shock upon the tyres and transmission gear prevented. 

There is another requirement which ranks high in importance, 
namely, a clutch should have small rotating momentum. This is 
necessary when changing gear, as if the clutch shaft takes a long 
time to come to rest, it prolongs the time required to bring about 
the change. In order to arrest the motion of the clutch, makers 
frequently fit a clutch brake, which is a leather-faced pad against 
which the rotating part rubs when disengaged. Easiness of 
repair is also desirable, from an owner's point of view, for reasons 
which are readily seen. 

176. Types of Clutches. — There are six different types of 
clutches : the cone, the reversed cone, the double cone, the 
expanding, the plate, and the disc, all of which are in use at the 
present day in modern work. 

The simplest form is the cone clutch, and it is also the cheapest 
to manufacture ; an example is shown in Fig. 20 fitted to the 
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Hewitt engine. It is usually incorporated in the flywheel, which 
forms the outer shell on which the male portion of the clutch 
engages. The internal surface of the flywheel and the external 
surface of the sliding clutch member are turned to a taper (about 
15 degrees for leather and cast-iron surfaces), so that when the two 
parts are brought together by the action of the spring, a wedge 
action is set up, pressing the surfaces together and enabling the 
drive to be taken by the friction between the leather and the cast 
iron. Unfortunately, however, there is a maximum diameter up to 
which a flywheel can be made and consequently there is a limit to 
the power that a clutch of this type can transmit unless excessive 
pressures are used between the driving surfaces. If fitted for 
high powers, high pressures are necessary, with the result that 
sooner or later trouble is experienced owing to the abrasion and 
disintegration of the leather, and if slipping is permitted to take 
place for any length of time, the leather becomes charred and 
requires renewal. 

The clutch in the illustration referred to above is self-aligning 
and self-contained, as the pressure of the spring is taken by an 
extension of the crankshaft. Disengagement is effected by means 
of levers, which terminate in a forked arm, partially encircling 
the grooved collar secured to the male portion of the clutch. The 
drive is transmitted from the clutch by two fingers which connect 
up to a shaft from the gearbox and thus allow of some inaccuracy 
in the axes of the clutch and the gearbox shaft without inter- 
fering with the good contact of the driving surfaces. 

The reversed cone clutch is illustrated in Fig. 110, and differs 
from that already described only in the direction in which the 
cone is formed, so that for disengagement the sliding portion of 
the clutch is pushed forward instead of being drawn backward. 
This enables the nut on the extension of the crankshaft, which 
was previously necessary to support the spring, to be dispensed 
with, without impairing the efficiency of the arrangement. The 
spring will be seen to press against a ball-bearing, which thus 
prevents any drag upon the spring when the clutch is disengaged. 

The method by which the power is transmitted to the gearbox 
is clearly shown in the figure. 

The double-cone clutch is a combination of these two clutches, 
the front cone being of the ordinary type, while the rear cone is 
reversed. It is an excellent type, and has the advantage that by 
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reducing the length of the cone a slightly increased diameter is 
permissible. 

The improvements which have been made in these clutches in 
recent times have been in the direction of simplifying the work 
entailed in renewing the leather. This has been done by sub- 
stituting tee-headed bolts for rivets, so that it is only necessary 



Fig. 110.- -Reversed CoDoClutcb, 

to remove the bolts and replace the leather instead of the 
elaborate process which was previously required. 

Leather clutches have a tendency to become fierce unless atten- 
tion is frequently paid to them, and it is a good plan to give them 
a dressing of collan oil occasionally. 

Expanding: Clutches. — The construction of the Crossley clutch 
is shown in Fig. Ill, and this is of the metal type, both of the 
engaging surfaces having a separate covering of metal riveted to 
the respective parts, thereby facilitating renewal. The expanding 
portions are in the form of two shoes C, seeured at one end to a 
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framework which is attached to the clutch-shaft, and at the other 

to two levers. The engagement is effected by the spring bIiowd 

in the figure at the back of the 

clutch-shaft, and the ends of 

which hook on the free ends of 

the levers. To disengage the 

clutch the cone which slides upon 

the shaft 1) is pushed forward, 

causing the free ends of the 

levers to diverge and the other 

ends attached to the shoes to 

come together and bring the 

shoes away from the interior of 

the flywheel. 

It is essential in this type of 
clutch that the -pwrtw have small 
weight, otherwise the centrifugal 
force to be overcome by the 
driver will he excessive and the 
operation of declutching prove 
laborious. In the example illus- 
trated, by good design and light 
construction this is avoided, and 
its long - continued use upon 
the Crossley cars is sufficient 
evidence that no trouble is experienced in practice from this 
source. 

177. Deasy Plate Clutch. — The Deasy clutch is shown in 
Fig. 112. Its separate details are a phosphor-bronze driving 
plate, pressor pads, a ring B, and an outer cover which encloses the 
parts, and forms, with the flywheel, an oil-tight casing. The 
ring B is threaded on its outer circumference and screws into the 
flywheel as shown, the necessary adjustment for wear being made 
by screwing it further into the flywheel casting. It is locked in 
position by the rib seen on the bottom of the inside of the outer 
easing. The toggle levers which transmit and multiply the force 
exerted by the central spring are pivoted on the pressors, one 
end of each lever engaging with the ring B, while the other end 
rests in a groove in the sleeve which iB actuated by the clutch 
pedal.^ 

M.C.B. * 
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When the clutch is put into engagement, the pressure of the 
spring upon the sleeve on the clutch shaft, causes the inner end 
of the levers to move forward. These, pivoting about their outer 



Fig. 112.— DeoBy Plate Clutch. 

ends which rest in the grooved ring B, force forward the pressors, 
which grip the plate between them and the face of the flywheel 
and so take up the drive from the engine. 
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178. He Multiple Disc Clutch. — This is the type par excellence, 
as it embodies in its construction all the desirable features of the 
ideal clutch. Its great advantages lie, however, in the large 



Fig. 113.— The Hele-Shaw Multiple Disc Clutch. 

amount of slipping which it is possible to allow without fear of 
injury, to the facility with which starting is effected, and to the 
high powers which it is able to transmit. 

Q 2 
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The principles involved will be clearly seen as the details of 

several examples are examined. 

179. " The Hela-Shaw " Clutch. — The construction of this clutch is shown 

in Fig. 1 13, from which it may be Been to consist of a number of V-grooved 

twin plates, an outer case A, which is attached to the flywheel, a steel inner 

portion B, which is secured to the clutch-shaft C, and the central controlling 

spring F. The outer plates, which are made of phosphor-bronze, are driven 

by the outer casing and transmit the power through the mild steel inner 

plates to the clutch-shaft. Around the inner side of casing A there are teeth, 

or feathers, which engage with notches in the outer plates, while the core 1) 

has feathers in its outer circumference which engage with the inner steel 

plates. The plates are 

normally kept in contact 

by the pressure of the 

spring F against the 

pressor B, the other end 

of which is held by the 

spring adjusting cap 0, 

screwed into the boss at 

end of the case. The 

spring adjuster is locked 

in position by the wire 

spring II, which can be 

raised out of engagement 

while the spring pressure 

is being adjusted. 

While the full spring 
pressure is keeping the 
outer and inner plates 
pressed together, the full 
power of the engine will 
be transmitted. To disengage the clutch, the pressor is moved backwards by 
the actuator K, which is connected to the clutch through the pins or trun- 
nions shown. When the pressure has been taken off the plates, there it a 
tendency for them to stick together, owing to the necessity of breaking the 
film of oil between the plates. To prevent this the outer plates are fitted 
with small flat springs, which are in compression when the clutch is engaged. * 
These are shown in Fig. 1 14, which exhibits an assembled pack of plates. 

When the clutch is nlowly allowed to engage, the film of oil between the 
plates transmits a small amount of power through its resistance to shear, 
this resistance gradually increasing as the thickness of the film is lessened 
by the pressure of the clutch spring, until at last the surfaces come into con- 
tact and the full drive is taken up. The resistance offered by the oil enables 
a gradual start to be made. 

But in disc clutches a Certain amount of friction is always 
present between the surface of the plates and the oil, and if the 
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gear are out of mesh, as when gear-changing, this may be suffi- 
cient to cause the continued rotation of the clutch-shaft. To 
allow for this the actuating gear terminates in an internal cone, 
and there is a male cone, P, turned upon the clutch-shaft. When 
the clutch pedal is depressed, it first disengages the clutch, and 
then brings the actuator K against the clutch-shaft cone P, 
thereby preventing its rotation. This clutch-brake is adjustable, 
in order to allow for the wear of the plates. 

The Hele-Shaw clutch has one salient feature which distin- 
guishes it from all other clutches, namely, the V-groove. This 
acts as a wedge and reduces the force w T hich is necessary to 
transmit the drive. The makers state that the pedal pressure is 
reduced to one-third of that which would otherwise be required. 
It will be seen from Fig. 115 that the flat surfaces do not comd into 
contact, but that the power is transmitted through the sides of 
the V-grooves, and further, that these grooves also act as stiffeners, 





Fig. 115. — Hele-Shaw Disc Clutch, showing construction of discs. 

preventing the buckling which might take place when overheated. 
The oil, too, which is enclosed within the grooves and between 
any pair of plates, enables the drive to be taken up silently and 
without shock when the clutch is let in rapidly. 

180. The Argyll 14-16 h.-p. Clutch.— This clutch (see Fig. 116) 
is carried in the flywheel B, and consists of two sets of flat steel 
plates. The inner set of plates N is held in frictional contact 
with the outer set of plates P by means of coiled springs C acting 
through a presser plate G. The inner set of plates are mounted 
on a disc H, which revolves with the main shaft K and the outer 
set in the flywheel on three studs Q screwed into the flywheel. 

When the clutch pedal is depressed, the presser plate is drawn back, 
removing the pressure of the springs holding the plates in contact. When 
the clutch is fully released, a disc S on the casing carrying the actuating ball 
race L on the clutch -shaft, is brought into contact with a disc R on the main 
shaft of gearbox, causing immediate stoppage, which renders gear changing 
simple and noiseless. The clutch runs in oil retained inside the flywheel by 
an oil-tight cover M fixed to the rear end. To overcome any tendency for the 
lubrication to hold the plates together, small helical springs are threaded on 
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the studs Q between the outer plntes to ensure the immediate freeing of the 
clutch when the pedal is depressed. 

181. 15-9 Armstrong-Whitworth Clutch.— Fig. 117 shows the 
construction of this clutch. The clutch casing is a steel casting 
fitted with four keys, which transmit the drive from the engine 
through the outer set of plates to the inner set of plates secured 



Fio. 11G. Arjrj-1] Pint* Clutch. 

on a boss attached to the cone end of the clutch- shaft. There arc 
twenty-six driving and twenty-six driven plates alternately 
assembled in the casing. The spring barrel slides upon the 
clutch-shaft and contains the spring which keeps the plates in 
contact when in action. The load upon the spring is adjusted 
by means of the lock-nuts at the rear end of the clutch-shaft, 
while the forward end of this shaft has a small universal joint 
to permit of slight displacement of the axes of the crank and 
clutch-shaft. 
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When the clutch pedal is depressed, the spring barrel is drawn 
to the rear by the trunnions at the rear end, releasing the plates. 



The locking device to the nut-securing boss which carries the 
inner set of plates to the clutch-shaft is shown in inset. 

182. The Lanchester Clutch. — As with many other details of 
the Lanchester car, the clutch and brake illustrated in Fig. 118 
are distinctive and differ from the usual practice in that they are 
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placed after the gearbox, and are incorporated in one oil-tight 
casing. They have also a separate oil pump for supplying oil to 
the working parts. 

The arrangement of plates is similar to that already described, 



Fig. 118. — LancheBter Clutch and Brakn. 

and they are operated through the end of the clutch casing by 
plunger rods, these rods being actuated by the clutch spring out- 



Fio. 119.— Sheffield Simplex Clutah. 

side the casing. The inner Bet of plates slides over six keys and 

the outer set over four. The reaction of the clutch thrust is 

taken through to the counter thrust bearing near the driving pot. 

The brake is similar in construction to the clutch, but it 
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operated by the lever shown, which presaeB upon a ring at the 
rear of the rings. 

183. The Sheffield Simplex Clutch is shown in Fig. 119, and is 
similar in general design to, though differing in detail from, the 



Armstrong-Whitworth clutch. The method of operation is, 
however, distinctive, as the depression of the clutch pedal first 
declutches the gear through the medium of a cam and a further 
movement applies the brakes. This is shown in the figure, the 
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cam being in engagement on the end of the lever which pivots 
about a centre forward of the clutch pedal axis. 

184. Wolgeley Clutch.— Ih this clutch (Pig. 120) the casing 
which carries the outer set of plates is bolted to the flywheel 
casting, and that for the inner set to a universal joint, the whole 
being mounted upon an extension of the crankshaft. It will be 
seen that the direction of action of the spring is towards the 
rear. The thrust necessary to actuate the clutch is taken through 
the universal joint, which is fitted in order to allow 7 for the dis- 
placement of the axes of gear and crankshafts due to the wear 
of the bearings for the latter. The rear end of the universal jointed 
shaft works in a sliding universal joint, which accommodates itself 
to variations in the relative position of clutch and gearbox 
from any distortion of the chassis framing. 

The clutch is operated by a lever pressing upon a ball-bearing 
flanged ring, as shown. 

185. Brakes. — The primary reason for fitting braking mechanism 
to a car is to enable the driver to bring it rapidly to rest if desired, 
and to lock the car in position when standing still. If a car was 
permitted to travel down hill with the brakes removed, it would 
soon attain such a speed as to be beyond the control of the 
driver, so it is highly essential for the braking gear to be efficient 
and in good order, as the safety of both the passengers and the 
public depends upon its satisfactory condition. 

The reader should see in what manner the brakes reduce the speed of a 
vehicle. A body travelling at a velocity of t» feet per second has energy stored 

up in it which is called " kinetic energy," and equals — — , where "W is the 

weight of the car in lbs. and g is the acceleration due to gravity (32*2 feet per 
second per second). If the velocity of that body is changed to one of i\ feet 

per second, then the kinetic energy stored in the car is altered to - - — , and 

in effecting the variation in velocity energy has either been added or 
abstracted equal to the difference in the value of kinetic energy. This is 
represented by the equation : — 

W 

Kinetic energy given out by the vehicle = h) - (r 8 — ?*i 2 ). 

When the car is brought to rest ri = 0, and so the value of the right-haml 

W v* 
side of the equation becomes . This energy has to be absorbed by some 

medium, so is effected by applying the brakes and converting it into heat at 
the brake drums. The brake shoes are pressed against the drums by a total 
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force F, and if the coefficient of friction between the surfaces is /*, the 
retarding force at the drums is F ft, and if the rim of the brake drum passes 
through a distance I) during the time that the change of speed Is effected, 
the work required to l)e done to overcome this friction is F n D ft.-lbs. 
This must equal the kinetic energy given out by the car, and therefore : 

Thus it is seen that the energy stored up in a moving vehicle 
is absorbed by the friction at the brake drums, which dissipate 
the heat there generated by radiation to the atmosphere and by 
conduction to the metallic parts in contact. It is obvious that 
the materials of which the brakes are composed should be able to 
withstand the rise of temperature caused by this heat, and there- 
fore it is preferred that they be made of metal and have large 
area. Leather is not desirable, because it soon becomes charred 
and requires frequent attention. In the Mercedes' chassis a 
special water tank is provided for supplying the brake drums 
with cooling water, which is used at the discretion of the 
driver. 

There is, however, a limit to which a car can be braked, which 

is dependent upon the friction between the tyres and the road. 

The energy stored up in the car impels it forward, and is resisted 

by the force acting at the point of contact of the road wheels 

with the ground due to the action of the brakes in attempting 

to prevent rotation. The limit to the magnitude of this force is the 

product of the weight of the car supported by the wheels on which 

the brakes are acting and the coefficient of friction (pi) between 

the tyres and the road, and if the car travels through a distance 

S feet during the reduction in speed, the work done by friction 

at the road wheel is Wi mi S. This must also equal the kinetic 

energy given out during the change of velocity. 

W 
Therefore Wi mi S = (r 2 — n 2 ), where Wi is the weight on the 

&g 

braking wheels. 

The value of the coefficient of friction is a maximum when the 
wheels are rolling upon the ground and no slipping is taking 
place, as from experiment it has been determined that the 
friction of rest is greater than the friction of motion, or, in other 
words, that the coefficient of friction when rolling is greater than 
when sliding. Thus the brakes are most effective when the 
retarding force exerted by them is just below that which would 
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cause slipping. It may be noted that there is probably not a 
single car upon the road on which it is not possible to lock the 
wheels by putting the brakes hard on. 

Brakes require very careful design, every part receiving the 
fullest attention, as a weak spot, either in the brake itself or the 
actuating mechanism, may prove fatal. There are generally two 
brakes upon a car — the foot-brake, for general service, and the 
hand-brake, for use when stopped. But when long declines are 
being negotiated, it is well to alternate the hand and foot-brakes 
in order to rest the foot and to give the brakes an opportunity for 
cooling. It need hardly be stated that adjustment for wear must 
be provided. 

186. Brake Requirements. — It is necessary for brakes to be 
effective when descending a hill, but it is as important to see 
that the brakes are capable of holding a car in making an 
ascent, as it is frequently desired to stop the car when only 
some portion of the hill has been traversed. Brakes should not 
be of the type that happily has long since been dispensed with, 
in which the action of the brake drum in the forward direc- 
tion, caused the band to tighten up and produce locked wheels ; 
while in reverse the brake was of little service because the tendency 
was to unwind the band and reduce the braking effect. 

Brakes should also be constructed so that the minimum of 
adjustment is required even after long periods of use. Nothing 
could be more objectionable than the frequent attention which 
is sometimes necessary to brake gear, as when the shoes do not 
have a very great amount of movement between their "on" and 
" off" positions. 

The necessity for the use of materials which are neither 
subject to damage from long use, nor liable to seizure from the 
same cause has already been mentioned. 

187. Types of Brakes. — Brakes may be divided into two 
classes — the internal and the external, the former being generally 
used for the axles and the latter for the propeller shaft. The 
internal brake has some advantage in that it may be practically 
entirely enclosed and thus be made so as to exclude all dust and 
grit. The tendency at the present day is towards the calliper or 
locomotive type of brakes with metal surfaces (see Fig. 124). 

They may also be classified according as they are applied to 
the front or the rear wheels. The advantage attaching to the 
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use of front-wheel brakes, beyond those which will be detailed 
later, is the increased braking effect obtained. It was stated 
in Art. 185 that there was a limit imposed to braking by the 
weight upon the wheel. If the brakes are placed upon all four 
wheels, it is clear that the total retarding force must be greater 
than if they are on the rear wheels only. But there is another 
aspect of the question, namely, that in connection with the 
distribution of load upon the axles. When a car is ascending a 
hill, the load on the rear axle is greater than that on the front 
axle, as the weight always acts vertically through the centre of 
gravity of the car ; while when descending the loading is reversed, 
and consequently the brakes are more effective in the front than 
on the rear axles. The same remarks apply also to driving upon 
the level, as when braking the load is increased on the front 
axles due to the action of the brakes. 

The propeller shaft or foot-brake is also mechanically bad, 
as it cannot be considered good practice to transmit the braking 
force right through the transmission gear, even though an equal 
retarding action is produced at road wheels. It was the difficulty 
of applying and actuating front-wheel brakes that delayed their 
adoption ; but during recent years much has been done in this 
direction, with the result that satisfactory designs are in everyday 
use giving efficient service. 

When brakes are applied to the road wheels, there is a separate 
brake drum to each wheel, and as it is necessary that the force 
exerted by the driver should be equally divided between the 
two brakes, a balance gear is fitted as shown in Fig. 128. The 
rod from the brake lever is attached from the middle of a link, 
the ends of which are held by levers. These levers are separately 
secured to two tubes, and at each side of the chassis a lever is 
fitted, one to the inner tube and one to the outer — to which the 
brake actuating rods are attached. In the illustration (which 
is for the 15'9 Armstrong-Whitworth Chassis) it will be 
observed that the ends of the compensating link are spherical, 
bo that freedom of movement is ensured in all directions. 

188. 15'9 Armstrong-Whitworth Brakes. — The foot-brake fitted 
to this chassis is shown in Fig. 121, from which it may be seen 
to be of the band type. Two steel stampings, faced with cast- 
iron liners, are pivoted about pins which are screwed into the 
lower portion of the gearbox. At the upper ends of these 
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bands rollers are fitted which engage with right and left-hand 
cams on the cross-brake shaft (see plan), and a disengaging 
spring is placed between them. When the brake shaft is rotated 
by the lever at the off-side end the brake bands may be made 




to engage or to free the brake drum according to the direc- 
tion in which the lever moves. Tlie adjustment is effected by 
moving the cams round upon the shaft and locking them 
with lock-nuts provided. 

The hand-brakes which are of the expanding form are 



CLtTCHES AND BRAKES 



MOTOR OAK ENGINEERING 




CLUTCHES AND BRAKES 



241 



illustrated in Fig. 122, and act within drums attached to the 
back-wheel hubs. Inside these drums the expanding shoes are 
fitted, which are pivoted on brackets secured to the axle casing. 
The shoes are expanded by means of cams between the 
two lower ends, being held against the cams and free from 
the drums by the springs shown. The brake cam is lubricated 
by grease-cups. The attachment to the compensating gear, 




Fig. 124. — Wolseley Propeller-shaft Brake. 

as well as the method of adjustment, is clearly seen from the 
figure. 

189. The Wolaeley Foot-Brake is illustrated in Fig. 124, and 
is of the calliper or so-called locomotive type, the actuating gear 
and connections with the brake pedal being shown in Fig. 125. 
It is pivoted about a pin secured to a bracket placed on top of 
the gearbox, so that the two shoes are able to swing freely in a 
vertical plane. The adjustment of the brake is effected by the 
long nut seen in the lower portion of the figure, which is self- 
locking from the nature of its contact with the brake lever. 

m.c.b. » 
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The position of the pedal is adjusted by means of the nut on 
the actuating rod (Fig. 125). This may be carried out on the 
road. 

The left-hand shoe is kept clear of brake drum by the Bpriug 
shown, which withdraws the shoe until it touches the adjustable 
stop near the left-band corner, and the separation of the other 



Fig. 125.— Wolseley Pedal Gear. 

shoe is effected by the spring placed between the lower ends of the 
shoes and around the adjusting screws. 

190. Napier Brakes.— The foot-brake for the SO, 40, and 
60 h.p. Napier earn is of the same type aB that on the 
Armstrong-Whitworth, but the attachments for actuating, as well 
as the adjusting mechanism, are somewhat different. The lever 
for engaging the brake is connected directly to the brake shoes 
(see Fig. 126), while the adjustment is made by means of the 
nut seen in the illustration. Engagement and disengagement 
is caused by the movement of the brake lever without the use of 
springs. 

The side brakes used on the chain-driven six-eylinder car are 
as shown in Fig. 127, and these are of the expanding type. By 
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rotating the lever pivoted on the radius rod, it is caused to 
engage with a bent lever, to the extreme end of which the brake 
shoes are connected, thus applying the brakes. The bent lever 
is kept in contact with the roller on the actuating lever by a 
spring attached to the brake shoes. The brakes, as may be seen 
from the diagram, are within the chain wheel. 

191. Sheffield Simplex Bear Brakes (Fig. 12S). — These 
expanding brakes are very interesting in that both the head and 



Fig. 126.— Foot- Brakes for 30, 40 and 60 h.-p. Napier Cars. 

foot brakes are enclosed in one casing — the inner brake being 
pivoted in the front and the outer brake at the rear of the axle. 
The inner brake is operated by the pedal and the outer brake by 
the hand-lever. 

192. Front-wheel Brakes. — The principal advantages attaching 
to the use of this class of brakes have already been mentioned, 
namely, the increased braking effect obtained and the removal 
of braking stresses from the transmission gear. But there is 
another and almost as important benefit that may be derived 
from their adoption, as the tendency of the brakes to cause side- 
slipping is practically eliminated. 

b 2 
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When a car is travelling along a road and the brakes are 
applied bo that the rear wheels are locked, the ear will continue 
to move in the same direction so ipng as the steering wheels are 



pointing straight ahead ; the coefficient of friction is the same at 
both wheels, and the centre of gravity of the car is near the 
middle line, hut immediately these are departed from, a turning 
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couple U produced which tends to cause the rear of the car to 
move sideways. Now in practice, the conditions necessary for 
straight line motion are seldom present, and therefore, if the 
surface is in any way greasy, a side-slip takes place. If, how- 
ever, the front wheels are locked, the wheels lose their power of 
directing the car, and as the friction of slipping is less than the 
friction of rolling, there iB leas resistance to the motion of the 
locked wheels, which therefore continue on in a straight line. 
Side-slip may be produced in a small degree when the surface 
over which the front wheels are travelling has a much higher 



Fig. 128.— Sheffield Simplex Rear Biukea. 

coefficient of friction than that on which the rear wheels are 
moving and the front wheels are in any way retarded, but this 
condition may be said to be so severe as to be out of the hounds 
of possibility in actual service. 

Similarly, if a corner is being negotiated, the centrifugal force 
will cause the rear to diverge if rear brakes are fitted, while with 
front-wheel brakes the car will continue on in a straijihi line, as 
the friction of rolling is greater than the friction of sliding. But 
this may be corrected by the release of the brakes, and applying 
them again immediately the wheels commence rolling and resume 
their directive capacity. 

In applying front-wheel brakes it is, however, very desirable 
that centre-pivot steering should be employed, as otherwise 
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excessive forces will react upon the steering gear, while there is 
a tendency towards side motion if unequal braking is obtained. 



Further, the front axle and its attachments require to be stronger 
in order to withstand the braking stresses. 

193. The Croieley Front-wheel Brakes.— These brakes embody 
centre-pivot Bteering, and as practically all the operating gear is 
mounted on the wheel, the disturbing effect of the rise and fall 
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of the axle due to inequalities in the road is avoided.' .The con- 
struction of the brake may be seen from Fig. 129, and the method 
of operation is as follows : 

The rod A running along the axle is operated by the foot 
pedal, and carries at one end the trigger B, which, on depressing 
the foot pedal lifts the pin C passing through the centre of the 
axle swivel. The top end of this pin thus causes the rocking 
lever D to operate, rotating the circular cam E from right to 
left. The rotation of the cam lifts the four brake shoes G, 
pressing them against the inside of the brake drum H. As 
the brake shoes are pivoted about points K, on the brake pedal 
being released, the cam is returned to the off position by means 
of the springs shown on the drawing, and the rollers F lift 

the tail of the shoes, and thus posi- 
tively release the brake. The detach- 
able wire wheel M is removable by 
means of the special spanner provided 
for the purpose, and the wheels are 
driven by the driving studs L, which 
are securely attached to the inner hub 
B. The whole of the brake mecha- 
nism is most accessible, as the inner 
hubs can be very quickly removed 
simply by removing the cover plate 
T and unscrewing the nut S. The 
stub axle P, complete with the inner hub R, can then be removed, 
leaving the brake mechanism in position. 

The front-wheel brakes which were formerly fitted to Crossley 
cars are shown in Fig. 180. They consisted of two expanding 
shoes placed within the wheel hub and were operated by a lever 
which pressed down a rod passing through the steering pivot. 
The movement given to this rod acted upon two toggle levers 
and brought the shoes into contact with the drum. 

194. Arrol-Johnston Front-wheel Brakes. — These are illustrated 
in Fig. 181, and present a very simple solution of the front- 
wheel braking problem. It will be observed that the axis of 
steering pivot is sloped so that it intersects the point of contact 
of the tyre with the ground. 

The brake is formed by a band which is interposed between 
the brake drum and a spider frame, and has a short rack cut on 




Fig. 130. 
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its free ends. The racks engage with two toothed seetors which 
are also geared together. To one sector a lever is secured, 
carrying an adjusting screw which rests on the boss of the 
operating lever. The operating lever fits over a cam upon the 
top of the steering pivots, so that when this lever is moved by 
the brake pedal, the lever to which the sector is attached 
is raised and the sector itself rotated, bringing the brake 
into action. Springs are provided to take the band out of 



Fig. 132. — AduniM' Front- wheel 15rakes. 

action and prevent rattling at the teeth, while the adjustment of 
the brake is determined by the position of the adjusting screw. 

195. Adams' Front-wheel Brakes are of the expanding type, and 
ma; be seen on reference to Fig. 132. The brake shoes are 
brought into engagement with the drums by a wedge-shaped 
piece connected to a rod passing through steering pivot. This 
rod is operated by a lever of trigger form, and is kept in contact 
with it by a spring at the upper end. The release of the brake 
is effected by the springs shown iu the figure. Adjustment for 
wear is provided by a screw fitted to the end of the trigger lever, 
and connection is made with the brake pedal by a fiowden wire 
attached to a compensating gear near the pedal. 
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Questions on Chapter XV. 

(1) Name the requirements which a good clutch should fulfil. 

(2) Compare the various types of clutch used in automobile work 
on the basis of : — 

(a) Cheapness of manufacture. 

(b) Ease of engagement. 

(c) Long life. 

(d) Power transmitted. 

(3) Sketch and describe a good type of clutch, preferably either a 
plate or a multiple disc clutch. 

(4) In what distance can a car, travelling at 20 miles per hour, be 
brought to rest if the weight of the car is 1 J tons and the coefficient 
of friction between the tyres and the road is 0*4. You may assume 
that three-fifths of the weight of the car is on the braking wheels. 

(Answer. 55 # 6 feet.) 

(5) Name several types of brakes and point out their merits or 
demerits. 

(6) Sketch and describe a good type of foot-brake. 

(7) Why is braking through the transmission gear to be 
deprecated ? 

(8) What arguments may be used in favour of front-wheel 
braking ? 

(9) Name one type of front- wheel brake and discuss its principal 
points. 

(10) Why is a compensating gear necessary for the rear- wheel 
brakes ? Sketch an arrangement which may be fitted. 



CHAPTER XVI 

CHANGE-SPEED GEARS 

196. The necessity for a change-speed gear arises from the 
fact that the speed of maximum torque of the petrol engine is 
practically at full power, and that as the speed of revolution is 
decreased, the torque from the engine decreases also. It is not, 
however, desirable to always drive the car at high speed, and, 
further, the nature and resistance of the road surface varies 
greatly, so much so, that it is often requisite for the full power 
of the engine to be developed at a comparatively low speed of 
the car; so obviously some means are necessary whereby the 
car's speed may be reduced without effecting a great reduction in 
the power of the engine. Lastly, the petrol engine cannot be 
reversed, yet it is occasionally desired to propel the car back- 
wards, so some mechanism must be employed to render this 
possible. To do this silently, efficiently and conveniently has 
been the aim of many inventors, but there are only two forms of 
gear which have attained any extended practical use, namely, 
the sliding gear and the epicyclic gear, and these both use 
toothed gearing. Friction gearing, hydraulic gears and other 
means of transmitting power have received attention, but do not 
seem to have had sufficient merit to more than compensate for 
the existence of some vital defect in their construction. 

It is, therefore, the sliding and epicyclic gears that will receive 
the greatest attention in this chapter. 

197. Position of Gearbox. — The general practice in automobile 
work is to place the gearbox immediately after the clutch, but in 
modern work examples may be found where it is incorporated in 
the differential casing. It is claimed for this method of construc- 
tion that, firstly, a reduction of noise and vibration is effected 
because the gearbox is completely separated from the chassis 
frame ; secondly, that a longer propeller shaft is made possible, 
and therefore less wear takes place at the universal joints and 
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strains on the mechanism ; thirdly, that an increased efficiency 
is obtained by reason of its compact and rigid construction, and, 
lastly, that the transmission gear is simplified and the cost of 
manufacture reduced. These points indicate that the back-axle 
gearbox is not without merit, as all are fairly well substantiated 
on closer examination. Examples of the rear-axle gearbox are 
shown in Figs. 133 and 134. 

Against these advantages, however, there is the disadvantage 
that the unsprung weight is increased. The direct result of this 
is that the road shocks will be much more severe upon the tyres 
and the transmission gear, and, consequently, a heavier construc- 
tion is desirable. It remains to be seen whether the gain in the 



Fits. 133.- Sheffield Simplex Three-speed Gearbox. 

directions indicated above more than compensate for the extra 
expense involved by the additional wear upon the tyres. 

198. Number of Speeds. — There has been a considerable amount 
of discussion as to whether three or four speeds are necessary, 
but the question really resolves itself into whether three or four 
speeds are used. It is obviously of little use for manufacturers 
to provide a car with three Bpeeds if the driver only uses the 
direct and, perhaps, a low speed for starting on hills, yet this is 
what happens daily, especially in the high-powered cars. 

The ideal gearbox would l«j capable of giving an infinite range 
of speeds, because in order to obtain a high efficiency and low 
petrol consumption, engines must he run at nearly their full 
speed, anil the larger nuiiilier of gear ratios the nearer would the 
engine approach that which is correct for the particular running 
conditions. 

The improvements which have been made in engines have 
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been largely with the object of eliminating vibration at high 
speed, with the result that they are as quiet under load at 
1,000 revolutions per minute as at 500. If, therefore, it is 
possible to run an engine at the higher rate and thereby increase 
the mileage per gallon, the change-speed gearbox must be used 
to the fullest extent. These remarks apply principally to those 
conditions which exist when the engine is required to develop its 
full power, for the engine should never be loaded as to cause its 
speed to decrease. The gearbox is provided so that the engine 
speed may be maintained and the car speed reduced. Circum- 
stances do not always, however, permit of the full power of the 
engine to be generated as traffic, and other restrictions govern the 
speed at which it is safe to drive a car, and then the regulation 
of the engine speed must be effected by the control levers, but 
where the nature of the road necessitates high powers, it is better 
to change down than allow the engine to labour, as is frequently 
the case. 

One of the factors which should govern the number of gears to 
be provided is the relation which the power bears to the weight 
of the car — the smaller this ratio the greater the number of gears, 
because it will be necessary to change speed oftener. With high- 
powered cars it is seldom requisite to change down, as under few 
circumstances, if any, is it possible to run the engine "all out" 
in this country, consequently such cars do not require a large 
number of gears. But with smaller and medium-powered cars, 
especially those with heavy bodies, it is of first importance that 
sufficient and appropriate choice is given to the driver. The 
locality in which the car will generally be used is also a matter 
which merits some attention, as in many cases cars are either 
under-geared or over-geared. 

But from the conditions of manufacture it is not possible to 
provide a large number of gears (although some firms offer 
alternative gear ratios), except by greatly increasing the cost of 
the car, so a compromise has been effected by adopting either 
three or four speeds. Bearing in mind what has already been 
said, it will be clear that the latter is the more desirable, but in 
cars with a high power- weight ratio the former suffices for any 
work which is likely to be met with in England, and in most 
cases for Continental travel also. 

The increase of the number of gears is not, however, without 
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some drawbacks — the additional gear necessitates a greater 
length of box and therefore an increase in its weight and in the 
diameter of the shafts, while the actuating gear mast also be 
more complicated. Still, the saving effected by having a greater 
range of gears, if suitably chosen, would in many cases counter- 
balance any extra expense from these causes. 

An interesting case where provision has been made for the 
different ratios of gearing required in town service and when 
touring is shown in Fig. 184. This gearbox is supplementary in 
its character, as a three-speed gearbox is provided in the usual 
position on the chassis, the object of the gearing illustrated 
being to allow of a direct drive on two ratios of gear. A is the 
propeller shaft carrying the sliding clutch B, which is actuated 
by a hand lever. C is a bevel pinion, with eleven teeth, solid 
with shaft to which the clutch D is secured. E is a bevel pinion 
with fourteen teeth, solid with the extension sleeve and clutch P, 
the shaft carrying pinion C being free to revolve in the sleeve 
carrying E, the pinions engaging respectively with the two rings 
of teeth on crown wheels H. 

When clutch B on the propeller shaft is in engagement with 
clutch D and pinion C, the lower gear ratio is in use, whereas if 
B is in engagement with F, the higher gear ratio is in service. 
The shaft carrying C does not revolve rapidly in the sleeve 
carrying E, as they both rotate together, but at speeds varying 
as the number of teeth in the two pinions. 

199. Which Speed should be Direct ? — The answer to this 
question is — that speed upon which most work is done. One of 
the reasons why drivers will not change down to an indirect 
gear, although they are fully aware that they should do so, is 
that it is not so quiet. No matter how carefully a gearbox is 
designed and manufactured, there must be some loss of power 
where gearing is interposed between two shafts, and therefore 
not only is the direct drive more silent but it is more efficient. 

At the present time the direct is usually on top, but in some 
cases where four speeds are provided the third speed is direct. 
In the latter case the ratio of the gears must be carefully chosen, 
as otherwise, instead of the speed being increased it may be 
actually decreased on changing to the indirect, because the 
power required at the road wheels to enable the car to travel 
at the higher speed is greater than the engine is capable of 
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transmitting through the gearing, and consequently the engine 
" flags." If the throttle of an engine is nearly fully open on the 
direct drive, it is of little use changing to the indirect higher 
gear. It is usual to arrange the gear ratios in geometrical 



progression, as this gives a fairly suitable range of speeds, 
provided that the upper and lower limits of speed are well- 
chosen for the power and weight of the car. 

200. Types of Gears. — The two principal types of gears have 
already been mentioned— the sliding and the epicyclic gears. 

The sliding gears may lie divided into two sections — the 
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straight-through or " shaft-to-shaft " gear and the " return- 
shaft*' gear. With the straight-through gearbox there is no 
direct drive, but the power is transmitted from the clutch-shaft 
through one set of wheels to the propeller-shaft, which lies 
parallel to it. This is not without merit, as the loss due to the 
gearing is only from one pair of wheels, and not two pairs as in 
the indirect of the return-shaft gearbox, so that although a loss 
is always experienced, its magnitude is only one-half that which 
it would otherwise be. The gearbox is therefore very suitable 
for small-powered cars where changes of gear are inevitable and 
frequent. 

In the return-shaft gearbox, of which several illustrations are 
given, the clutch-shaft and the propeller-shaft are in line, the 
forward end of the latter running in an extension of the former, 
or vice versa, while a separate shaft, known as the lay -shaft or 
secondary shaft, is placed parallel to it, and carries a sleeve upon 
which one set of gear wheels are mounted. This lay-shaft is 
usually continuously driven by gearing from the clutch-shaft at 
the front end of the box, but in one example the gear is arranged 
at the rear end, so that when the car is standing the lay-shaft is 
stationary. There are, however, other devices employed to 
avoid the continuously rotating lay-shaft. Dog-clutches for 
transmitting the direct drive are provided at the junction of the 
clutch and propeller-shaft, and are brought into engagement b}~ 
sliding one part relative to the other. In some cases internal- 
toothed wheels come into engagement for the direct drive, as in 
the Deasy and Napier clutches. The gear wheels which enable 
changes of speed to be effected are assembled upon a sleeve, 
which slides on the part of the propeller-shaft within the gear- 
box. For the indirect speeds the drive is taken from the clutch- 
shaft to the wheel on the propeller-shaft, which has been brought 
into mesh with it, and from thence to the road wheels. Trouble 
was at one time experienced in efficiently lubricating the ends of 
the clutch and propeller-shafts, which worked one within the 
other, but this has been overcome by the adoption of improved 
methods of construction and by the use of ball-bearings at that 
part (see Figs. 186, 188, 140, etc.). 

Formerly the sliding wheels upon the propeller-shaft extension 
transmitted the drive either through a squared shaft or through 
a single key, but both methods were difficult to manufacture so 
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that free sliding of the sleeve was permitted without rattling 
taking place, especially when wear occurred, and they have since 
given place to either octagonal or castellated shafts, which do 





Flfl, 137. — Armstrong- Whit worth Change-speed Gear Levers. 

not wear as rapidly, nor are the effects produced as marked. 
Examples of the latter are shown in Figs. 135, 139, and 141, 
where it may be seen that sometimes four and sometimes six 



260 MOTOR CAR ENGINEERING 

castellations are provided. These take the form of raised keys 
upon the surface of the shaft, and may be made either solid with 
or be recessed into the shaft. Of the two, the former is to be 
preferred, as a more substantial job is produced. Another 
method has been used, namely, the toothed shaft, which is some- 
what similar to the castellated shaft but has finer castellations, 
so that the surface appears to be a long-toothed wheel. In all 
these forms, however, careful design is necessary in order to 
prevent continual use in a more or less limited length of the 
shaft from causing a distortion of the projections, with subsequent 
jambing when changing to another gear. 

201. Gate Change. — The gate change which is so universally 
fitted to modern cars is, perhaps, one of the most marked 
improvements made in the history of automobilism. Prior to 
its introduction the ordinary locomotive type of lever, with its 
continual motion in one direction, was used for changing gears, 
with the result that to change from one gear to another would 
doubtless mean the meshing of gears in between. This was not, 
however, its only disadvantage, for if care was not exercised 
there was a probability of overshooting the gears, and the lever 
was also often in an inaccessible position, because of the large 
movement of the levers necessary to effect the changes. The 
sliding wheels on the lay-shaft were assembled upon one sleeve, 
and to change speed necessitated the movement of all the wheels. 

By the adoption of the gate change the sleeve carrying the 
gear wheels on the lay-shaft was divided, each half being 
actuated by separate rods, so arranged that either could be 
moved independently of the other, thereby reducing the range of 
movement in the gearbox. This permitted of a reduction in the 
length and weight of the gearbox, and as shunter shafts were 
possible, the deflection was less, so that better action of the teeth 
was also obtained together with a longer life. Further, the 
change-speed lever, owing to its limited motion, was always in 
an accessible position, and any gear could be at once put into 
mesh. These advantages caused its extended use as soon as 
this became possible, so that now it has become almost general. 

It is sometimes pointed out that, whereas in the older gear 
only one motion was necessary to change speed, in this form 
three are required ; but this is a matter of very little importance 
as the operation is never required to be readily effected. 
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The gate change takes its name from the form of the bracket 
in which the change-speed lever moves. This is a curved plate 
having two Biota in it for a three-speed gearbox and three slots 
for a four-speed gearbox, the bar between the slots being cut 
away at the middle, so as to permit the lever to move from one 
slot to the next. When the lever is at the far end of any one 
slot, a gear is in mesh, and when in the middle all wheels are 
out of gear, the lever being in the " neutral " position. Thus for 
three speeds the ends of the ft vat slot will be the top and second 
gears, and the ends of the second slot the first and reverse gears. 



FlG. 138. -Dewy Cieaxbox l'Jan. 

To change from the top gear to the first, the lever will be brought 
to the neutral position, moved inwards towards the car and then 
forward to the end of the second slot. 

An excellent example of this type of gear is shown in Figs. 185 
and 186 for the four -speed and reverse gearbox on the Arcnstrong- 
Whitworth 15'9 chassis, while others are given in Figs. 188, 
140 and 141 for the Deasy, Wolseley, and Austin cars. In 
Fig. 187 the change-speed lever is shown attached to a shaft, to 
the other end of which a striking lever is secured within the 
gearbox. The lower end of the striking lever engages with a 
slot in a rod, Fig. 135 (there are three shown), to which the 
shifting forks (Fig. 186) are attached. When the gears are in 
neutral, the slots in the striking rods are in line, and by moving 
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the change-speed lever across the car the striking lever may be 
brought into engagement with any one of the three rods, and then 
any gear can be operated direct. This ib called the selector 



mechanism. The position of the reverBe pinion with its striking 
gear is clearly shown in Figs. 195 and 189. 

To prevent any possibility of two gears being in engagement 
at the same time, as might happen if one striking rod was in 
operation and another moved from its neutral position through 
the vibration of the car, a locking device is provided (see the two 
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upper sectionB in Fig. 185). This consists of a pendulum in the 
form of a sector of a circle having a notch cut in its circum- 
ference through which the striking lever is allowed to pass, the 
remainder of the circumference fitting in jaws on the striking 
rods which are not in engagement with the striking lever. Thus 
the rod which it is desired to operate is free to move, while the 
others are prevented from sliding in either direction. The 
pendulum swings with the striking lever. Another form of 
locking gear, though of somewhat different design, is illustrated 



Fig. 140.— 20-28 Wolseley Gearbox. 

in Fig. 189, as the locking pendulum is replaced by a part which 
slides upon a rod secured as shown. 

Provision is also made to prevent the gears from moving when 
in engagement or in neutral. This is done by fitting spring- 
loaded balls, which rest in recesses in the ends of the striking 
rods, so that some force must be applied to the rod in order to 
move it, and is clearly shown in Figs. 185 and 140. Balls are 
provided for the three positions of each rod. 

Various forms of striking gear are clearly illustrated in the 
various figures, and require little explanation. 

Occasionally a catch is provided, which must be raised before 
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the reverse can be put into mesh, bo that it may not be 
inadvertently engaged. 

20*2. Napier 45 and 65 h.-p. Gearboxes : — These are illustrated 
in Fig. 142. It will be seen that the indirect gears slide upon 
the secondary Bhaft and that only the direct drive is in the 



Fid. 142. -15 and Go h.-p. Gearbox. 

clutch-shaft. There is another feature of interest in this box, in 
that the small gear wheel C, which ia .shown driving the lay- 
shaft, is also used for the top direct sjieed. To do this it is 
taken out of mesh with the wheel on the lay-shaft and engaged 
with internal teeth in the larger of the wheels D, and therefore 
in this position leaves the lay-shaft stationary. The action of 
coming out of top speed again puts the lay-shaft in gear. 
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208. Epicyclic Gears. — The superiority of this type of gear 
over the ordinary sliding gear must be at once recognised, as the 
gear change is so simple that even the most inexpert cannot 
make a mistake — it is practically foolproof. But this is not 
the only point which recommends it, as the constant meshing of 
the gears, together with the short shafts which are fitted, enable 
the teeth to engage correctly and thus contribute to the longevity 
and silence of the mechanism. 

But it is presumed that it has not been greatly used, except 
on two or three makes of car, because epicyclic gears are largely 
proprietary, and also because owners like to fully understand the 

operation of the component 
parts of their car. The latter 
difficulty is often a very real 
one, but if the problem is 
attacked correctly, little trouble 
should be experienced in see- 
ing exactly how the gear ratios 
are produced. The question 
of cost and the difficulty of 
designing for any number of 
gear ratios must enter into the 
question of its adoption by any 
particular manufacturer. 

Fig. 143. Fig. 143 shows diagraminatically 

the construction of an epicyclic gear, 
in which B is the sun wheel driven by the engine, A are two planet wheels 
supported upon a frame connected to the propeller-shaft, and G is the brake 
drum which is held stationary when the gear is in action, and which has 
teeth cut on its inner surface. 

It will be clear that if the is free to rotate, the centres of the wheels A 
will remain stationary, and the rotation of B will simply rotate the wheels 
A on their centres, which will in turn rotate C anti-clockwise, because the 
resistance to C's motion is less than the effort required to move the car. 

Therefore, when is released by the brake drum, no effort will be 
transmitted to the road wheels. 

But when C is held by the brake drum, a clockwise motion of B will 
cause an anti -clockwise movement of A, and A will roll on the teeth in C in 
a clockwise direction. This is the general explanation of the action, and 
must be clearly seen before proceeding further. 

Now it is a matter of indifference whether the motion is derived from 
the propeller-shaft or from the sun wheel, so far as the ratio of the gear and 
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the action is concerned ; all that is is required ie to find the relation between 
the revolutions of the propeller- shaft and those of the engine. It simplifies 
the explanation, or rather it enables one to see the actions more clearly, if 
the propeller- shaft is rotated and causes the rotation of the engine, although 
this is the reverse of what exists in practice. 

Let the propeller-shaft make one revolution, that is, let the centre of A 
make one revolution in the clockwise direction shown. If it is assumed 
that the teeth in C are out of engagement with A, and that the two teeth in 
contact in B and A are soldered together, then B will receive one revolution 
due to the mass rotation of the centre of A and in a clockwise direction. 
But when the teeth of C are in engagement with A, B will still receive 
this one revolution plus an additional angular movement due to A 
rolling on C. If A has 20 teeth, B 40 teeth, and C 80 teeth. Then 
in one revolution of the mass centre of A, A will rotate =jj = 4 times 

20 

revolutions of B in a clockwise direction. Thus, with the numbers of 
teeth stated, when the propeller- shaft makes one revolution, B makes 
one revolution due to the mass rotation of A and two revolutions due to the 
rolling of A upon C, that is a total of three revolutions. Conversely, for 
three revolutions of the engine the propeller- shaft makes one revolution, 
and the gear is a three to one reduction gear. 
And generally if A has p teeth, B q teeth, and C r teeth, the reduction 



anti-clockwise direction, which will produce jjX 1; 



ol gear will be 1 + (J-X |) to 1 = (l + ^ to 1. 



204. Adams' Planetary Gear. — The construction of this gear 
s illustrated in Fig. 144, in which X is the engine shaft and K 



Fig. 144. — AuamB' Planetary Gear. 

the continuation of the propeller-shaft. The pinion H is keyed 
to the engine shaft and gears with the wheels E on the shafts T 
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and V, which are secured to the casing as shown. The pinions D 
and S gear respectively with G and F — G being attached to the 
propeller-shaft and F to the brake frame upon which the brake 
band A operates. The pinion R on shaft V engages with J on 
the brake frame upon which the brake band G presses. 

For the first speed, A *is tightened on brake drum. Then H 
drives D and E 1 , E 1 drives S, S drives F, and D drives G. But 
as F is prevented from rotating by the brake drum, the casing 
carrying the shafts T and V rotates. The revolutions made by 
the shaft K will therefore be the revolutions due to those trans- 
mitted by D to G minus the revolutions made by the casing. 

For the second speed, B is tightened on the casing, and the 
revolutions of K will be due simply to the revolutions of the 
gearing H, E, D and G. 

For the third speed, the casing and the drum upon which C 
presses are held by coil brake L on the drum Y, which is 
operated by the lever Q from the cone N and the lever M, so that 
direct drive is obtained. 

For the reverse, the drum upon which C presses is held and 
an epicyclic drive is obtained through H, E 1 , R, S and F. 

205. Forms of Teeth. — There are two forms of teeth used in 
transmission gear — the cycloidal and the involute, but by far the 
greater number are made of the involute shape, as this form of 
tooth permits of the displacement of the w T heel centres without 
disturbing the accuracy of contact. All teeth must be con- 
structed so that one tooth will roll upon another without sliding, 
for as soon as sliding takes place there is a great loss due to 
friction. 

When wheels are in permanent engagement, the teeth are 
sometimes cut at an angle instead of parallel to the axis of the 
shaft. The object of so doing is to render the gears less noisy, 
as any shock which may come upon the teeth is minimised by 
reason of the angle at which it strikes the tooth. There is, 
however, considerable end pressure due to the resolved part of 
the force which acts on the teeth along the axis of the shaft. To 
minimise this, double helical teeth are employed so, that the end 
pressures may balance each other. This form is somewhat 
expensive to manufacture if made from one piece of metal, and 
it is frequently the practice to cut two wheels with the teeth 
angled in opposite directions and then bolt them together. 
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Note. — The attention of the reader is particularly drawn to 
the methods by means of which the gearboxes are made oil- 
tight, the construction of the bearings, the manner in which the 
wheels are assembled upon the shafts, and the facilities provided 
for the inspection of the wheels and fastenings and for the repair 
of any part. 

206. Miscellaneous Gears. — These may be summarised as 
friction gears, hydraulic gears and the Humphris gear. 

So far as the hydraulic gears are concerned, by reason of the 
direct action of the drive, hopes are felt that more of this will 
be heard of in the near future, but up to now little has been done 
with the few that have reached the practical stage, as it is 
believed that the efficiency of the drive is low. 

In the Humphris gear, a direct drive is given to the road 
wheels at all speeds. The driver consists of a number of 
spherical projections instead of the usual teeth, and these gear 
into spherical recesses in a plate. By moving the driver nearer 
to or further from, the rear axle, any desired gear ratio can be 
obtained. 

Friction gears have attracted a large number of inventors, but 
they have not been extensively used, because it is a difficult 
matter to take up the side thrust which it is necessary to have 
in order to transmit the power, as the drive is taken up by the 
pressure between two surfaces. The magnitude of this pressure 
must, in any case, be large, and consequently the gear is only 
suitable for small powers. The efficiency of transmission will 
likewise be affected by the weather, as a damp atmosphere will 
cause the friction between the surfaces to be reduced. 

Questions on Chapter XVI. 

(1) Why is it necessary to fit a gearbox to a petrol car ? 

(2) Discuss the question : " Are three or four speeds desirable " ? 
from the point of view of (a) cost, (b) weight, (c) convenience. 

(3) What is the difference between the " straight-through " gear- 
box and the "return-shaft" gearbox, and in what respects is the 
former superior to the latter ? 

(4) Sketch a four-speed gearbox with direct drive on third 

Sp66u« 

(5) What advantages has the gate change over the old quadrant 
type? 
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(6) Sketch the looking gear in a gate change. What is this gear 
provided for? 

(7) Explain the action of an epicyclic gear. 

(8) Sketch the Adams' planetary gearbox. 

(9) What is the advantage gained by using involute teeth wheels? 

(10) Show by sketches two methods whereby the gearbox is made 
oil-tight. 



CHAPTER XVn 

TRANSMISSION GEAE 

207. Strictly speaking, the transmission gear includes the 
whole of the gear between the engine and the road wheels, but 
on account of the importance of the clutch and the gearbox, these 
parts have received special treatment elsewhere. This chapter 
will therefore deal with the connections between the gearbox 
and the rear axle. 

208. Methods of Drive. — The drive to the road wheels may be 
taken in one of the following ways, and in the order stated : — 

(1) By central chains, differential and live axle. 

(2) By differential, cross-shaft and side chains. 
(8) By propeller-shaft, differential and live axle. 

The last drive may be sub-divided according as the differential, 
gear is driven through : — 

(a) Bevel gearing. 

(b) Worm gearing. 

209. Central Chains. — This type of gear is not now used except 
on a few of the older cars, and even on these is only applied to those 
of low power. The wheel on the rear axle which receives the 
drive from the engine is secured to the exterior of the differential 
casing, and this in turn is supported on the axle. This arrange- 
ment, it will be seen, does not lend itself to a rigid construction, 
and from the nature of the stresses to which it is subjected 
cannot be considered good practice. 

That this is the case will be readily obvious, seeing that in 
addition to the torsional stress from the engine and the vertical 
bending stress due to the weight of the chassis, there is also a 
horizontal bending stress, due to the pull of the chain, applied at 
the centre of the axle, where it is least able to resist it. This 
latter stress may, and often does, exceed that due to the weight 
of the chassis, as, for example, when the engine is exerting its 
full power at low speed. 
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There is also the further disadvantage attaching to the use of 
a central chain in that it is difficult to effectively exclude dust 
and dirt, while the removal of the chain cannot be very readily 
effected owing to its position. 

210. Side Chains. — When side chains are employed, the 
differential is either incorporated in or attached to the gear- 
box from which cross-shafts, fitted with universal couplings 
are taken to the side of the car. Sprocket wheels are secured 
to these cross-shafts, and drive through chains to similar 
sprocket wheels bolted to the rear wheels. This construction 
permits of the use of dead axles, and for this reason has been 
much favoured, especially for heavy vehicles, where the live axle 
was somewhat at a discount. 

There is, however, still a difficulty in properly protecting the 
parts from dust, so much so that frequently no attempt is made 
to enclose the chains, with the result that wear soon takes place 
and a noisy drive is at once established. Casings, where pro- 
vided, are usually so flimsy that after being dismantled a few 
times they rattle; or else they are so heavy that they are 
objectionable from this cause. Under any circumstances, wear 
is undesirable, but never more so than in such an important part 
of the mechanism as the transmission gear, when the lives of the 
occupants of the vehicle may be imperilled should the chain 
break. Frequent attention is therefore necessary to ensure 
freedom from trouble in this direction. The noise which usually 
accompanies a chain drive may also be traced to another source, 
namely, the bad action of the chain and the wheel over which it 
runs. No matter how well a chain may be made, sooner or 
later the links permanently elongate and cause the pitch of the 
links to be greater than the pitch of the teeth ; so that instead of 
rolling on the teeth, they slip and possibly cause the drive to te 
taken on one or two teeth only. This defect is overcome in the 
Renold chain by the construction of the links, which rise upon 
the teeth and adjust themselves on the wheel. 

There is a further point in connection with chain drives which 
must receive some attention — the fluctuation of the angular 
velocity of the road wheels, due to the rise and fall of the back 
axle. On meeting an obstruction in the road, the rear axle rises, 
and in doing so unwinds a portion of the chain on the driving 
wheel and winds up an equal length of chain on the rear wheel, 
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while in descending the converse takes place. If these wheels 
are of unequal diameter, it will mean that on the up movement 
of the axle the road wheels will be accelerated, and as some force 
is required to produce this acceleration, the chains will be sub- 
jected to a sudden extra load, which is clearly objectionable, as it 
must cause wear on the tyres, and may snap the chain. In the 
old LancheBter chain drive this was obviated by interposing a 
fixed wheel of equal diameter to that on the road wheel. 
It may be noted that the chain drive lends itself admirably to 



Fro. H5.— Sheffield Simplex 45 h.-p. Differential Gear. 

rapid changes of gear ratios, which may be desirable if the car is 
about to be used in a mountainous district. In this ease, all that 
need be done is to remove the driving sprockets from the cross- 
shafts and substitute others having a lesser number of teeth. 
This can be much more easily effected than any alteration to the 
bevels in the differential caBing. 

211. Propeller-shaft and Live Axle.— This system is by far the 
moBt popular, owing to the greater efficiency and the longer 
life of the gear and the quieter action, as all wearing parts are 
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enclosed in an oil-tight casing. Several examples of this con- 
struction are distributed in various parts of the book. 



The drive to the rem* axle is here taken through a shaft, known 
as the propeller or cardan shaft, to a differential gear. At tire 
two ends of the propeller-shaft universal or Hooke's joints are 
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fitted, to allow for the rise and fall of the rear axle ; but they are 
also necessary because the axis of the gear and the differential 
shaft are not in line. To enable a uniform angular velocity to 
be transmitted, two universal joints should be fitted, and the 
intermediate shaft should make equal angles with the two shafts 
to which it is attached. This usually means that the two end 
shafts must be parallel. The angle between the shafts should 
preferably not exceed 5 degrees ; but the joints will work satis- 
factorily up to about 15 degrees. Occasionally only one joint is 
fitted, and the differential shaft is inclined so that it is in line with 
the propeller-shaft, but this should not be done, although it does 
reduce the angle between the gear and the propeller- shafts and 
therefore the wear due to rotation. The angle is often reduced 
by inclining the engine and the gear in between it and the 
rear axle ; and this is much to be preferred, provided that the 
engine lubrication is not affected. 

212. Universal Joints. - It will be seen that in all cases the 
axes of the pins of the universal joints always pass through the 
same point. This is an important feature, and constitutes 
another requisite for a uniform angular motion ; it also assists in 
giving a good rigid connection. The actual construction varies 
considerably in practice, but the principle upon which they 
operate is that the joint allows of motion in two planes at right- 
angles to one another. This is clear on reference to Figs. 112, 
119, 120, 186, etc. The joint may be made by hinging two forks, 
fitted on the ends of the shafts at right-angles to one another 
about a central block, as in Fig. 135. But as a connection is 
also necessary, which will compensate for the shortening up of 
the propeller-shaft when the rear axle rises, a common form 
allows the trunnions on one shaft to work within a muff secured 
to the other shaft, the inner surface of which is grooved so as to 
permit sliding to take place. The trunnions are provided with gun- 
metal bushes, and the slots in the muffs are steel-faced. Instead of 
having trunnions, balls may be substituted, as shown in Fig. 112. 
Provision for the movement of the axle is sometimes made by 
either cutting a hexagon or by forming solid keys on the end of 
the propeller-shaft, as in the 15*9 Armstrong- Whitworth car. 

On account of the exceedingly severe work which these 
universal joints are called upon to perform during every revo- 
lution of the propeller-shaft, it is important to well lubricate 

x 2 
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the parts and to totally enclose them so as to exclude all 
dirt. It is a good practice to fill the coverings with grease, 
as frequent attention is thereby rendered unnecessary. 



218. The Differential Gear. — The differential is fitted so that 
both rear wheels may revolve freely when turning. As will be 
seen in Art. 219, when a car deviates from a straight course, the 
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wheels should rotate about one point, and to do this the length 
of the path traversed by the inner wheel must be less than that 
over which the outer wheel travels. 

The drive from the engine is taken to a pinion which engages 
with a crown wheel secured to a frame carrying a number of 
bevel wheels. Where a worm drive is used, the worm engages 
with a wheel attached to a frame. On the two ends of the axle- 
shafts are secured two bevel wheels, which are in mesh with the 
four bevel wheels carried in the frame. 

214. The Action of the Differential. — When the car is travelling 
straight ahead, the four bevel wheels do not rotate on their axes 
but about the centre of the axle, carrying round the bevels on the 
live axle. No relative motion is produced between the bevel 
wheels on the frame. 

But as soon as the car commences to turn, one road wheel lags 
behind the other. If the road wheel on the side to which the car 
is turning is stopped by the turning of the car, the bevel wheel 
on the axle on that side is also stopped, so that the motion trans- 
mitted to the other road wheel is caused by the rotation of the 
bevel wheels on the frame about the centre of the axle and the 
rotation of the same wheels upon their own axis. 

Supposing that the bevel wheels on the axles have 60 teeth and 
those on the frame have 20 teeth. Then, if the frame makes one 
revolution, the bevel wheels on it will make one revolution about 
the axis of the axle, and consequently the outer road wheel will 
make one revolution due to this. The bevel wheels on the frame 

will also make == revolutions on their axes and therefore will 

urge the bevel wheel on the outer axle forward 9n X ™ revolu- 
tions, that is one revolution. Thus the outer road wheel will 
make two revolutions while the frame carrying the bevel 
wheels makes one revolution, if the inner road wheel is 
stationary. It is clear, therefore, that by whatever amount 
the inner road wheel is retarded, the outer road wheel will be 
accelerated. 

Occasionally the wheels which produce the differential action 
are spur wheels (see Fig. 148). The merit of this construction is 
that it is easier to manufacture well-fitting and correctly-actioned 
spur wheels than bevel wheels, but there is not a great deal to be 
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said to the advantage of either, as the wheels are so seldom in 
action and then only for a very short period of time. 

215. Bevel-gear Drive. — Until recently the rear axle was almost 
universally driven by bevel wheels, and this method is still used 
on the greater number of cars. A small pinion (Fig. 149) gears 
with a larger bevel or crown wheel on the differential frame, and 
this transmits the power through the differential wheels to the 
live axle. To the outer ends of the axle shafts the hubs of the 
road wheels are secured either by keys or by suitably shaped ends 
as in Figs. 147, 148, 155, etc. 

From the figures mentioned it will be seen that all the bevel- 
wheels are carried in ball-bearings ; while the thrust, when the 
wheels are transmitting power, is taken in every case on ball 
thrust bearings. This is very desirable, because, from the position 
of the gear and the enclosed nature of the construction, frequent 
attention to the lubrication is not desirable. By occasionally 
supplying a small quantity of oil to the casing, sufficient lubricant 
is splashed about by the crown wheel to well lubricate every part. 
The exceptionally rigid design of the supports to the small bevel 
on the Austin car is shown in Fig. 149, w T here this wheel is pro- 
vided with a ball-bearing on the inside as well as the outside. 
Attention is also directed to Fig. 147, the 15*9 Armstrong- Whit- 
worth rear axle, where the axle shaft is free to move slightly 
endwise in the differential wheels (see also Fig. 146). The easy 
access to the gear within the differential casing should 
also be noted, as by taking off the rear cover plate all 
the w T heels are exposed, and may be lifted out bodily by 
withdrawing the live axle shafts and removing the keeps from 
the ball-bearings. 

The ratio of the gearing in the differential casing should not 
l>e greater than 4 to 1, as otherwise it is impossible to prevent 
noise ; and, because of the small diameter of the bevel pinion, 
the w r ear caused by its rapid revolution soon becomes apparent, 

216. Worm Drive to Differential Gear. — Under any circum- 
stances it is not easy to machine a truly shaped tooth on bevel 
wheels, although machines, such as the Bilgram bevel-gear planer, 
have been designed which enable a very close approximation to 
be obtained. But as the differential wheels are subjected to such 
hard wear, it is necessary for them to be hardened, and in the 
process of hardening they become slightly distorted ; consequently 
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there is generally a small amount of clearance between the teeth. 
In some cases these bevels are ground in, so that a better 



Fig. ISO.— 12-16 Wolseley Differential Oear. 

action may be produced, but although the slight hammering is 
much reduced, it is not entirely eliminated. 

With the worm drive, however, which has been favoured by 
many designers, a very silent action is obtained, as the worm 



Fig. 151. — 12-16 Wolseley Worm-driven Axle. 

alides over the teeth in the wheel when transmitting the load. 
But given a perfectly cut bevel wheel and a truly shaped worm, 
the efficiency of the former would be greater than that of the 
latter, as the friction of the bevel is rolling friction while the 



282 MOTOR CAR ENGINEERING 

friction of the worm is sliding friction. However, in actual 
practice it is really questionable whether one is more efficient 
than the other when well fitted — much depends upon the way iii 
which the worm is made and how it is lubricated. 

There are two forms of worms, the straight worm and the hour- 
glasB worm (Bee Figs. 151, 152, 155, etc.), but although the former 
is much more easily cut, the latter ie much to be preferred for the 
following reasons. The friction between two surfaces is dependent 
upon the maintenance of a film of oil ; as soon as the intensity 
of pressure is sufficient to squeeze out the lubricant the two 



FlO. 152.— Lanchoster Worm Drive. 

surfaces come into contact and abrasion results. With the 
straight worm, where the pitch line is parallel to its axis, it is 
doubtful whether more than one wheel tooth is in contact with 
the worm at any time, but as the hour-glass worm embraces a 
portion of the circumference of the wheel, and the pitch line of the 
worm coincides with the pitch circle of the wheel, an increaseil 
number of teeth are in contact, and, assuming the worms are 
similarly loaded, the pressure on each tooth is much reduced ; the 
oil has, therefore, a tetter chance of remaining between the teeth, 
and the worms are better lubricated. There is a further advan- 
tage to be derived from the hour-glass worm, as Beeing that a 
greater number of wheel teeth Inke the load, the stress in any one 
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tooth is much reduced, and if the stmie dimensions are used in 
both forms of worm, the latter will be much stronger. 

From the fact that when declutched the gearing is driven by 
the road wheels, it is essential that worms should l>e capable 
of being driven as well as drive, and thus they are reversible — the 
threads on the worm being placed, usually, at an angleof 45degrees. 
This necessitates the use of multiple threaded worms. 

It should be observed that it is not possible to adjust the worms 
for wear. Ball-bearings are provided to take the thrust of the 
worm in both directions, as shown in Figs. 150, 151, and 152. 

The worm may be placed above the wheel (see Fig. 148), or 
beneath it, ae in Figs. 150, 152 and 155. When placed above 
the wheel, the road clearance can be slightly reduced, and a 
straighter drive from the engine obtained, but as regards lubri- 
cation there is not really any special 
merit in either position. At one 
time, when both the worms and the 
wheels were badly formed, it was 
essential that the worms should 
run in an oil bath, but nowadays, 
so long as the wheel teeth dip in a 
well of oil, sufficient adheres to the 
teeth to well lubricate the parts. 
On the other hand, the worm is 

subjected to very hard usage, and if it is bathed in oil it is more 
likely to keep cool than if the heat generated by friction has to be 
conducted away along the shaft. The worm is usually made of 
hard steel and the wheel of phosphor bronze. 

217. Live Ailes. — One of the objections which have been raised 
to the use of the live axle for heavy vehicles has been its apparent 
weakness ; but such is more imaginary than real, as by the adop- 
tion of a suitable design it can be made as strong bb a fixed axle. 
The impression had some foundation in fact, because all metals 
take some permanent set after being in use for a short time, with 
the result that if the axles were initially straight, they would 
sooner or later slightly deflect and cause the wheels to come 
nearer together at the top giving an appearance of weakness. 
For this reason the arched axle came into being, as is illustrated 
in Fig. 154. Further, cast iron is far weaker in tension than in 
compression, and the weight of the chassis naturally causes the 
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upper portion of the axle casing to be in compression and the 
lower portion in tension. 

In order to support the casing and make the axle equally strong 
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on both sides, a tie rod is often fitted beneath the casing and 
attached to the two ends. Adjusting screws are provided, so that 
when deflection occurs these rods may be shortened and the axles 
straightened again. This also gives flexibility to the axle. 
In construction,' the axle casing may be cast in the halves 
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divided down the centre, as in Fig. 155, it may be of conical form 
and bolted to the differential casing, or it may be of tabular form 
enclosing the axle, as in Fig. 148. It will be seen that the first 
named gives very free access to the full length of the axle, and is 
for that reason excellent. Pressed steel axle casings have now 
come into general use, and are giving good results. Reference 
should also be made to the Maudslay forged steel axle, which 
from its exceptionally strong construction deserves great praise. 

The reader's attention is directed to the methods employed 
to prevent oil from creeping along inside the casing, the lubri- 
cating arrangements to the bearings and the manner in which 
the springs and braking mechanism are secured to the axle 
casing. 

218. Ratio of Engine Revolutions to Revolutions of the Soad 
Wheels. — In finding the reduction produced in the revolution of 
the engine by the interposition of gearing, it should be remembered 
that the ratio which the revolutions made by a driving wheel bear 
to those of the driven is inversely as the number of teeth. This 
is best shown in an example. 

Supposing that the engine makes 1,200 revolutions per minute 
and that the indirect drive is in operation. Number of teeth in 
wheel on clutch-shaft is 40, and this gears iijto a 60-toothed 
wheel on lay-shaft. An 80-toothed wheel on lay -shaft gears with 
a 50-tootbed wheel on propeller-shaft. The pinion in differential 
has 20 teeth, and the crown wheel 64 teeth. 

1 200 x 40 

The number of revolutions made by the lay-shaft = - - -^ 

and this will give - — ^ x ^ revolutions of the propeller- 
shaft. The revolutions of the rear axle therefore will be 

1,200 X 40 X 80 X 20 _ 

60 X 50 X 64 "" 4U0 ' 

If the diameter of the road wheels is 80 ins., the car will 
then travel at 400 X 80 X * ins. per minute = 85kmiles per 
hour (nearly). "* 

It will be seen that by multiplying the number of revolutions 
of the engine by the number of teeth in the driving wheels and 
dividing by the number of teeth in the driven wheels, the number 
of revolutions made by the final wheel are obtained. 
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Questions on Chapter XVII. 

(1) What drawbacks are there to the use of the central chain 
drive? 

(2) Compare the propeller-shaft drive with the side-chain drive. 

(3) Sketch the transmission gear between the gearbox and the 
rear wheels in a chain-driven car. 

(4) Describe the action of the differential. 

(5) Compare the worm drive with the bevel drive to the differential 
casing. 

(6) Make a sketch of a good form of universal joint in which 
provision is made for end movement due to the rise and fall of the 
rear axle. 

(7) Why is the hour-glass or globoid worm to be preferred to the 
ordinary or straight worm ? 

(8) What objections have been raised to the use of live axles 
on cars ? Show by the aid of sketches how the axle is strengthened. 

(9) Make a sketch showing the construction of the rear axle and 
casing. 

(10) Mention two ways in which the rear axle casing is manufac- 
tured, and point out any merit that they may have. 

(11) Sketch a method of attachment of the springs to the axle 
casing. 

(12) How are the bevel wheels in the differential casing and the 
road wheels attached to the axle ? 



CHAPTER XVIII 

STEERING GEARS 

219. That the form of central pivot employed on horse carriages 
would be altogether unsuitable for use on automobiles is readily 
apparent ; for the shocks received by the wheels when travelling 
at high speeds would be transmitted through to the steering 
wheel and make driving impossible. But another reason, which 
is not so obvious, is that when turning, skidding would ensue, 
with disastrous effects upon the tyres. The early patent of 1818 
by Lenkensperger and later by Rudolph Ackermann of London 
of a side-pivoted fore-carriage really anticipated the time when 
such a device would be imperative. 

The essence of this invention was that the wheels were carried 
upon short axles pivoted at the ends of the front axle and were 
coupled together by a tie rod, so that a displacement of one wheel 
was accompanied by a corresponding displacement of the other. 
The levers attached to the two pivots were, however, parallel, 
and consequently the same angular movement was given to both 
wheels. The invention did not, therefore, give correct steering, as 
the wheels had not a common centre of rotation when displaced. 

This was modified by Jeantaud, who produced the gear now 
known as the " Jeantaud- Ackermann " steering gear, which is 
shown in Fig. 156. 

In this -gear the steering arms are made to converge towards 
the back axle, so that on the steering wheel being displaced in 
turning the car, one wheel will receive a greater angular move- 
ment than the> other, as the angular displacement of the steering 
arms produced by the same longitudinal motion in the rod will 
be different for the two wheels. If, therefore, the angle between 
the steering arms is made a certain value, the centre line of the 
stub axles, if produced, will meet on a line drawn through the 
rear axles, and all four wheels of the car will turn about this 
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common centre without any lateral skidding. The loci of the 
points of intersection of the stub axles over the full range of lock 
should lie upon the centre line of the back axle produced, and 
this is the condition which a gear should fulfil in order to be 
geometrically correct. It is frequently stated that if the centre 




Fig. 156. — Jeantaud-Ackermann Steering Gear. 

lines of the steering arms intersect on the rear axle, perfect rolling 
of the wheels is obtained. But this is not so, as the point of 
intersection may be in front, at the rear, or on the back axle, 
depending upon the ratio of the length of wheel base to the pitch 
of steering pivots, and even then only a compromise is effected. 
The error involved may rise to as much as three degrees in the 
displacement of one wheel at the position of maximum lock, but 
can be reduced so that the maximum error over the whole range 
m.c.e. u 
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will not exceed one degree (see J. L. Napier on " The Geometry 
of Steering Gears " — Automobile Engineer for July, 1910). It 
usually commences by one wheel having too great a displace- 
ment, which gradually increases as the angular movement 
increases, so that the object of the designer is to reduce the 
value of the maximum error. 

This may easily be effected by a trial and error method, in 
which the wheels are set so as to have the same instantaneous 
centre of rotation and the length of the tie rod fixed correctly for 
this position. The loci of the points of intersection of the lines 
through the stub axles is then drawn, and the length of the tie 
rod adjusted as may be necessary, in order that the wheel which 
has too great a displacement in the early part of its movement 
will afterwards have too little displacement. There will, therefore, 
be three correct positions of steering — when the wheels are 
directed straight ahead and at one position on each side ; at 
any other position one of the wheels will skid laterally, but the 
magnitude will be so small as to be quite negligible. 

The question as to whether the tie rod should be at the front 
or at the back of the front axle does not really affect the problem 
to any great extent from a purely geometrical standpoint, but it 
may be considered from its mechanical features. When forward 
arms are employed, the shocks which may be experienced at the 
road wheels cause a tensile stress to be induced in the rod, and 
thus its length does not affect its strength ; but a rod in such a 
position and low down on the car is more liable to damage than 
when placed at the back of the axle. There is also some difficulty 
in obtaining sufficiently long levers for the steering arms unless 
rather longer stub axles are employed than is desirable. When 
placed at the rear, however, in addition to being guarded from 
damage in the event of a collision, it permits the wheels to be 
placed as near the steering pivots as is required and thus enables 
the stresses in the stub axle to be reduced, but it is subjected to 
a compressive stress from road shocks. Both forms are employed, 
and the choice of position must be made when a full knowledge of 
the conditions of use are known. 

On account of the exposed position of the steering levers and 
arms, it is desirable that all joints should be enclosed and provided 
with some form of permanent lubrication. 

220. Other Forms of Steering Gear. — In the forai of gear just 
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described, by increasing the ratio of the length of wheel base to 
the pitch of the steering pivots, the error involved is reduced. 
Lepape, Roger and Jenatsy took advantage of this fact when 
designing the steering gears which bear their names. 

In the Jenatsy double trapezium gear the reduction of the 
pitch of the steering pivots is effected by dividing the tie rod into 
two parts and connecting one end of each to the steering arms, 
while the other ends are attached to a bell crank lever pivoted on 
the front axle. The whole of the gear is on the forward side of 
the axle, and from its construction reduces the virtual distance 
apart of the steering piyots by one half. 

The Bollee gear presents a somewhat similar arrangement only 
on the rear side of the axle, and the centre lines of the steering 
arms and one arm of the bell crank lever converge upon a 
point about a quarter of the width of the rear axle from the 
wheel. 

In the Lavenir concave pentagon gear, the tie rod is jointed at 
the middle and attached to a lever situated on the fore side of 
the axle. 

None of these gears profess to be geometrically correct but to 
give very accurate results, so that for all practical purposes they 
may be considered so. Absolute accuracy in any mechanism is 
obviously desirable, but to produce such a mechanism requires a 
large number of links in order to constrain the movements of the 
steering arms, and because of the inaccuracies which would be 
introduced as soon as slight wear takes place, would be of doubtful 
advantage. 

The Bourlet sliding gear is one of the most promising of the 
gears which produce correct steering. In this the steering arms 
are formed by two slotted levers in which blocks slide, the 
blocks being connected to a tie rod which moves endwise in two 
guides attached to the front axle. But it will be seen that it is 
subject to the mechanical defect of having its accuracy of motion 
affected immediately wear of the block takes place, and on account 
of its exposed position and the rattle which would be caused by 
this wear it is not considered suitable for general use. 

Great care should be taken that the wheels are exactly parallel 
when running, and in order that this may be so, the distance 
apart of the centre lines of the wheels in front should be slightly 
less than at the back when the car is stationary, as when the 

u 2 
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car is in motion the gear will " give " slightly and cause the 
wheels to run parallel. 

221. Steering Pivots and Axles. — In order that the effort 
required to steer a car may be as small as possible, and that the 



shocks on the road wheels may be reduced to a negligible amount, 
it is desirable that the moment of the force transmitted from the 
road to the tyre about the steering pivot should be a minimum. 
This may he effected in four ways : — 

{!) By eloping the wheel so that the centre of the pivot 
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produced touches the ground at the point of con- 
tact of the tyre. 

(2) By sloping the steering pivot. 

(3) By a combination of both of these. 

(4) By placing the pivot within the wheel. 

Unless one of these constructions is adopted, the act of steering 
will require the driver to force one wheel forward about the axis 
upon which it turns. The problem is of first importance when 
front-wheel braking is employed. 

The usual practice is that indicated at (3), although occasion- 
ally it is not completely fulfilled, but as the contact of the tyre 
with the road is not a point but a surface, the centre line of 
pivot produced always falls under the tyre, and therefore true 
steering is practically accomplished. 

The disadvantages attaching to the use of the two first named 
systems are that if the first is employed the wheel has to be 
sloped so much that excessive strains are throw T n upon the w r heel, 
w ? hile if the pivot is sloped sufficiently it necessitates a rather 
longer stub axle than is desirable. 

The placing of the pivot within the wheel is the ideal system, 
and as such is to be highly commended. By this means all 
strains upon the mechanism are entirely eliminated, and it is 
stated that the tie rod may be removed without causing any 
movement of the axle as the car progresses along the road. 
This system is shown in Fig. 129 applied with the Crossley 
front-wheel brakes. 

The construction of the swivel axles fitted on the 15*9 Arm- 
strong- Whitworth, the 15 h.-p. Standard and the Deasy cars is 
shown in Figs. 158, 159, and 160. It will be seen that the end of 
the front axle is a very simple forging fitting within the jaws of 
the swivel axle. A ball-bearing is provided at the lower end to 
take the load on the axle, and lubrication is supplied by the cups 
placed at the top of the swivel pin, from whence it is carried 
down a hole drilled through the pin to the surface which takes 
the bending actions from the wheel. This arrangement lends 
itself to easy manufacture, as the larger forging — the axle — does 
not require any great amount of work to be expended upon 
it, and the stub axle can be handled without difficulty. The 
actuating levers are clearly shown in the illustrations. 

It will be noted that both the pivot and the wheel of 
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the Armstrong- Whitw-orth car are sloped bo as to produce 

as direct a thruBt as possible on the ball race. 

The 14-16 h.-p. Argyll 
steering pivot is shown in 
Fig. 157, and has the jaws 
for carrying the pin formed 
upon the front axle. Theload 
in this case is carried upon 
the ball-bearing fitted at the 
upper end of the swivel pin. 
Hardened steel bushes are 
provided to take the side 

load, and the method of 
S lubrication Bhould be noted. 
J? The jaws are bell-shaped to 
§ resist the tending stresses 
35 due to the weight upon the 

1 axle. 

« 222. Steering Columns. — 
* At one time the opinion was 
a advanced that the steering 
£ gear should he irreversible, 
I" that is, a force applied at 
X the road wheels should be 
unable to move the wheel, 
o but this view is not held at 
^ the present day. If irre- 
£ versible steering is provided, 
it means either an abnor- 
mally large worm or nut or 
else a great movement of 
the steering wheel to steer 
the car, both of which are 
undesirable. Usually the 
angular movement of the 
steering wheel is from three 
to three -and -a -half times 
that of the wheel. 
Tiller steering was at one time employed, but has now l>een 
discarded except upon one or two makes, where it is optional. 
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It is not a question so much of utility as one of being more 
accustomed to the wheel steering. 



Fig. 159.— Arm strong- Whit worth Front Axle and Steering Gear. 

The two forms whereby the motion of the wheel is transmitted 
to the steering gear are by screw and nut and by worm and 
sector. In the first named a square- threaded screw is secured 
to the steering column, which 
works in a nut having pins pro- 
jecting from its sides which con- 
nect to a lever attached to the 
coupling rod from the steering 
arm. But the commoner form 
is the worm and sector, examples 
of which are giyen in Figs. 161, 
162 and 163. Fig. I60.— 15 h.-p. Standard 

In the Argyll steering gear, Swivel Axle. 

(Fig. 161) it will be seen that the sector is screwed to the shaft 
which carries the actuating lever S, and engages with a woim 
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N on the steering column. A grease plug P is fitted at P, and 
adjustment of the worm is effected by the sleeve 0. The levers 
Q and R for controlling the throttle and ignition are actuated by 



Pig. 161.— Argyll Steering Columo. 

tubes H and J, which paBS down through the steering pillar P ; 
C and D are the control levers on the top of the quadrant E, while 
the lubricating of the sleeves is arranged for at B. 
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The adjustment of the worm in the Wolseley 159 h.-p. car 
< Fig. 16*2), is by means of the screw and nut underneath the steer- 
ing column, but when wear takes place the wheel may be rotated 
separately and fresh teeth brought into engagement with the 



worm. This is also the case with the ArmBtrong-Whitworth gear 
shown in Fig. 168. The thrust of the worm is taken up by ball- 
bearings on both sides of the worm in the latter car and on one 
side only in the Wolseley. It will be noted that the control 
levers on the Wolseley column actuate a nut through a screw on 
the inner tubes, which engages with the throttle and ignition 
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lever8 outside the column. Lubrication is effected by the oil 
contained in the worm easing. 

228. Steering Connection.— It is absolutely essential that there 
shall be no backlash in any part of the steering gear, as otherwise 




rattling and hammering will result. But if the parts are 
rigidly connected, the steering wheel will turn very stiffly, and, 
in addition, the shocks upon the wheels will be transmitted direct 
to the driver's hands and cause strain. In order to prevent tins. 
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the joints in some parts of the mechanism are often made with 
liall and socket joints and the parts kept up to their work by 
means of springs. Such an arrangement is shown in Fig. 164 for 
the 15'9 Armstrong-'Whitworth steering gear, in which the rod 



connecting the steering lever with the steering arms is provided 
with this form of coupling. The hall and socket joints give free 
but exact motion, and driving for long distance is not nearly so 
liring to the wristB. It will be seen that, no matter in what 
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N on the steering column. A grease plug F is fitted at P, and 
adjustment of the worm iB effected by the sleeve 0. The levers 
Q and R for controlling the throttle and ignition are actuated by 



Fig. 161.— Argyll Steering Column. 

tubes H and J, which pass down through the steering pillar F ; 
C and D are the control levers on the top of the quadrant E, while 

the lubricating of the sleeves is arranged for at B. 
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The adjustment of the worm in the Wolseley 15'9 h.-p. car 
(Fig. 16*2), is by means of the screw and nut underneath the steer- 
ing column, but when wear takes place the wheel may lw rotated 
separately and fresh teeth brought into engagement with the 



worm. This is also the case with the Arrastrong-Whitworth gear 
shown in Fig. 168. The thrust of the worm is taken up by hall- 
bearings on both sides of the worm in the latter car and on one 
aide only in the "Wolseley. It will be noted that the control 
levers on the Wolseley column actuate a nut through a screw on 
the inner tubes, which engages with the throttle and ignition 
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levers outside the column. Lubrication is effected by the oil 
contained in the worm casing. 

223. Steering Connection.— It is absolutely essential that there 
shall be no backlash in any part of the steering gear, as otherwise 




rattling and hammering will result. But if the parts are 
rigidly connected, the steering wheel will turn very stiffly, and, 
in addition, the shocks upon the wheels will be transmitted direct 
to the driver's hands and cause strain. In order to prevent this, 
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(he joints in some parts of the mechanism are often made with 
hall and socket joints and the parts kept up to their work by 
means of springs. Such an arrangement is shown in Fig. 164 for 
the 15*9 Armstrong-'Whitworth steering gear, in which the rod 



connecting the steering lever with the steering arms is provided 
with this form of coupling. The ball and socket joints give free 
but exact motion, and driving for long distance is not nearly so 
tiring to the wrists. It will be seen that, no matter in what 
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direction the wheels are turned, the motion is transmitted through 
a spring. 

Questions on Chapter XVIII. 

(1) Define the requirements necessary for correct steering, and show 
how they are fulfilled or approximated to in modern cars. 

(2) Make a sketch showing the steering connections of a car 
between the steering column and the road wheels. 

(3) What do you understand by " centre-pivot " steering, and how 
may it be obtained ? 

(4) What advantages or disadvantages accrue from the several 
methods of securing centre-pivot steering ? 

(5) Make a sketch showing a section through the swivel axle of a 
car. 

(6) Show by the aid of sketches the construction of the worm 
and sector type of steering gear, in which provision is made for taking 
up wear. 

(7) Why are springs provided at the joints of some steering 
connections ? Make a sketch showing how. these are fitted. 



CHAPTER XIX 

LUBRICANTS, LUBRICATION, BALL AND ROLLER BEARINGS 

224. It is hardly necessary to emphasise the importance of the 
efficient lubrication of the engine of the chassis, as the sluggish 
or indifferent running of an engine improperly lubricated fur- 
nishes abundant evidence in support of the need for careful 
consideration when arranging for the lubrication of the working 
parts of a car. And this is not confined alone to the system 
employed, but may be extended to the class of lubricant used, as 
no matter how well a system is designed, it will be of no service 
if the choice of an oil falls upon one that is unsuitable for the 
work it will be called upon to perform. The efficiency of a 
lubricating system depends principally upon : — 

(1) The manner in which the oil is introduced to the working 

part. 

(2) The kind of lubricant used. 

225. Lubricating Oils. — There are four kinds of oils used for 
lubricating purposes: — 

(1) Mineral oils. 

(2) Animal oils. 
(8) Vegetable oils. 
(4) Compound oils. 

The mineral oils are obtained from the residue left in the still 
after the illuminating oils have come over during the distillation 
of crude petroleum. (See Art. 85.) 

Animal oils are produced by subjecting certain animal products 
to various forms of treatment, e.g., sperm oil from the spermaceti 
whale and neatsfoot oil from the feet of cattle. 

Vegetable oils are extracted from many kinds of plants and 
seeds, such as rape-seed, castor and olive oils. 

Compound oils are mixtures of mineral oils with either animal 
or vegetable oils. 

On account of the more stable nature of the animal and 
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vegetable oils, these are usually employed when a standard is 
required for some physical quality, as for example, viscosity. 

226. Action of Lubricating Oil. — The object of using lubricating 
oil in bearings and other working parts is to reduce the frictional 
resistance and wear between the surface. 

The old idea of the action which takes place on introducing 
oil into a bearing was that " fluid " friction was substituted for 
solid friction, and in some measure it may be said to hold now ; 
but the modern theory is that an oil film is formed which 
adheres to the two surfaces, and that the resistance to motion is 
due to the shearing of the oil film. As the journal rotates, it 
carries round some of the oil and generates a pressure in the 
film, independent of the pressure of supply, which supports the 
load upon the bearing. The pressure in the film is by no means 
uniform, but increases irregularly from a minimum value at top 
to a maximum value at the under-side of the bearing at high 
speeds of rotation, these positions moving towards each other 
around the bearing as the revolutions decrease. 

The maintenance of this film is one of the essentials of 
efficient lubrication, as immediately anything occurs to break up 
the film the two surfaces approach one another and abrasion 
results. Mr. Morcom in a paper * read before the Institution of 
Automobile Engineers, on " Forced Lubrication," attributed the 
failure of lubrication, generally, to the rupture of the film from 
the following causes : — 

(a) Inadequate supply of lubricant. 

(b) Reduction of viscosity arising from excessive heating, 

either general or local. 

(c) Badly placed oil grooves. 
{d) Overloading. 

(e) Grit. 

(f) Impurities, such as water, reducing the film-forming 

qualities of the oil. 
Of these (a), (c) and (d) are conditions arising from some defect 
in the design of the system, while (e) and ( f) result from more 
or less accidental causes, but (b) shows that a lubricating oil 
must possess sufficient viscosity at the temperature at which it 
is used in order to support the load. 

227. Requirements which a good Lubricating Oil should fulfil. — In 

1 Proceedings I.A.E., Vol. IV. 
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aiany classes of work it is possible to use an oil which is 
specially adapted for use in a particular part of the mechanism, 
but in a petrol engine this is not practicable owing to its peculiar 
construction, and because of the complication that would result 
from any attempt at such discrimination. The heating referred 
to in the preceding paragraph is that due to the friction of the 
bearings and that which is conducted down from the cylinders. 
But any temperature which may be reached at the bearings 
under normal circumstances will always be far below that to 
which the pistons are subjected, and therefore the oil must 
prove satisfactory at both high and low temperatures. These 
conditions are exceedingly difficult to fulfil, and demand the 
exercise of great care in the choice of a lubricating oil; so 
many oils which would be admirable if only for use at the 
bearings, would be most undesirable for employment on the 
pistons and vice versa. 

Many people imagine that an oil which is very viscous at 
normal temperatures would be more suitable for cylinder lubri- 
cation than another that has not the same viscosity. But 
this is quite a mistake, as it is a very easy matter to thicken very 
fluid oils by the addition of fatty substances, which become very 
thin when their temperature is raised to a very slight extent. All 
oils, no matter what their constitution may be, will become 
less viscous on a rise of temperature taking place, but the rate at 
which the viscosity is reduced varies with different oils. Further, 
if an oil is used which has very much body at low temperatures, 
the force required to shear the oil film will be excessive, and 
consequently it will not be so suitable for use at the bearings. 

Therefore, the first and principal requirement which a 
lubricating oil should fulfil is as follows : — The rate of decrease of 
viscosity with a rise of temperature should be low, so that it will not 
be necessary to have excessive body at normal temperatures in order to 
have sufficient viscosity at high temperatures to keep the surfaces of 
the piston and cylinders lubricated. 

Professor B. Hopkinson, of Cambridge, carried out some 
experiments a short time since on engine efficiency, and in the 
course of the series showed that the amount of power absorbed 
by the pistons was seven per cent, of the indicated horse- 
power, while that used in overcoming the friction of the main 
bearings, etc., amounted to three per cent, of the indicated 
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horse-power. Note the excessive waste of power in piston 
friction, due largely to the conditions under which the pistons 
are operated. The body of metal forming the cylinder walls 
is not raised in temperature to very much above that of the 
cooling water, but the inner surface, upon which the oil is 
deposited, is exposed to the heat of combustion. Exactly what 
takes place when the oil on the walls is subjected to this heat 
it is impossible to definitely determine, but there are good 
grounds for assuming that the action is in the nature of the 
following : — 

On the up-stroke of the piston, oil is taken up and deposited 
upon the walls of the cylinder and left there in a thin film as 
the piston withdraws. An explosion takes place, and on the 
subsequent power stroke some of the oil (perhaps only the 
surface) is burnt off, the greater portion of which is either 
consumed with the fuel or else held in suspension and exhausted 
with the products of combustion. That which does not 
disappear in this way is deposited in the cylinder on the 
walls and on the piston. On the next up-stroke more oil 
is brought up by the piston and again left on the cylinder 
walls, to be burnt off as before, so that an engine may be 
said to be efficiently lubricated when the amount brought up 
by the piston is sufficient to replace the amount which dis- 
appears by burning, whereas an engine is over-lubricated when 
an excessive quantity is left on the walls and the engine is 
unable to burn it, but belches it out at the exhaust in the 
form of dense fumes. An engine is under-lubricated when 
the amount consumed by the burning action in the cylinder 
is more than that which can be replaced by the piston, and 
consequently there is not sufficient oil retained between 
the piston and the wall of the cylinder to keep the surfaces 
apart. 

From the preceding paragraph it might be at first imagined that 
what is required is an oil which will not burn off, but this is not 
so, as no oil is capable of withstanding the temperatures which 
obtain in the cylinders of internal-combustion engines. But it 
indicates the second quality which a good oil must possess, namely, 
that the products produced by burning must be such as will have no 
effect upon the cylinder walls, etc., and that the deposits must be of a 
negligible amount. 
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There are several other tests which a lubricating oil should 
satisfy, and they are as follows : — 
(a) A high flash-point. 
{b) Low volatility. 

(c) Low cold test. 

(d) Freedom from acidity or tendency to gum. 

As has been previously stated, it is impossible to obtain an 
oil which is capable of remaining stable when subjected to the 
temperature of combustion, but a high flash-point is desirable in 
that it prevents the possibility of an inflammable vapour being 
given off at any time prior to its admission to the cylinder and 
at the same time is some guarantee of homogeneity. 

The flash-point is obtained by means of a flash-point apparatus, 
two forms of which are described below, together with the method 
of operation. The flash-point of an oil is the temperature at which 
it commences to give off an inflammable vapour. 

228. Gray's Close Flash-point Apparatus. — This apparatus (Fig. 165) 
consists of a brass oil-cup of the same dimensions as the oil con- 
tainer used in Government standard petroleum testers (Abel's). On 
this cup, which is set on a suitable stand, is placed a tight-fitting cap 
or lid. Through tbe lid a steel shaft passes, carrying on the top a small 
bevelled wheel, the bevel of which is milled, and on the lower part 
two sets of stirrers, one of which is below the surface of the oil, and 
the other in the vapour space above. A horizontal shaft carried on 
two standards terminates at one end in a bevelled wheel, which gears with 
the other bevelled wheel, and at the other end in a disc, the outer rim of 
which is made of bone or other suitable non-conductor of heat, and on this 
disc is fixed a handle for rotating the shaft. This horizontal shaft carries 
a collar, from which there project two small pins at diametrically opposite 
points. By sliding the shaft slightly to the right, the bevelled wheels are 
drawn out of gear, and the pins projecting from the collar put iu position 
for actuating the testing arrangement. On the lid proper there are three 
orifices, one immediately in front of the test-light, and the other two at 
either side of it. Above the lid is the sliding cover, in which there are 
two orifices corresponding to those on the fixed lid. When the bevelled 
wheels are in gear, the sliding cover is held in its normal position by the 
spring and the orifices in the fixed lid are covered. When the sliding cover 
is moved, by bringing the pin on the handle in contact with the pin attached 
to the disc and turning the disc about a quarter of a turn round, the orifices 
in it coincide with those on the fixed lid, and at the same time the test-light 
is depressed and brought into position for producing the flash when the 
proper temperature has been reached. 

It is desirable that the volatility of the lubricant should be low, 
m.c.e. x 
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because automobiles frequently remain unused for some time, and 
if the evaporation of the oil is at all rapid, it would doubtless 
render the oil in the crankcase unsuitable for lubricating purposes. 
This is, in some measure, connected with the Hash-point of the oil. 
The object of instituting a cold test is to ensure that the oil 
will be fluid at low temperatures, so that it may flow through the 



Fio. 165.— Cray's Flash-point_ Apparatus. 

piping. The cold test is performed by reducing the temperature 
of the oil, until it becomes cloudy and thickens. The oil should 
not solidify even when its temperature is brought down to the 
lowest experienced during the year. The lower the temperature 
at which solidification occurs the more suitable is the oil under 
this heading. 

Test {(/>— freedom from aridity or tendency to .flttm— is 
obviously an important test. The acidity, which may be due 
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either to sonie impurity in the oil or to decomposition, will cause 
the lubricating pipes and fittings and even the hearings them- 
selves to become corroded. The gumming referred to is the 
tendency to oxidise on exposure to the atmosphere, which 
effectually destroys any lubricating properties the oil may 



There is one other test to which an oil may be subjected, 
namely, the burning test. If a vessel containing oil is heated, its 
temperature will rise until it gives off an inflammable vapour in 
very small quantities, and intermittent flashing will occur on a 
light being brought near the surface, but on carrying the heating 
still further, a temperature will be reached at which the oil itself 
takes fire and continues burn- 
ing. The temperature at which 
flashing occurred is termed the 
" open" flash-point, while that 
at which the oil is ignited is 
the burning -point or the " fire 
test." 

The rUcogity of a liquid may 
be said to be its resistance to any 
change of form, and is measured 
by means of an instrument 
called a " viscometer." There 
are various forms of viscometers, 
but in this country that de- 
scribed below has been made 
the standard for commercial 
purposes. 

229. Iledwood'a Viscometer. — 

The instrument (Fig. 166) consists of 

a silvered brass oil-cylinder furnished 

with an agate jet, and surrounded by 

a copper bath. A copper tube, closed 

at the lower end, projectingat on angle 

of 45 degrees from the side of the bath, 

near the bottom, provides a means of 

beating the bath liquid, and by the Via. 166. — Redwood's Viscometer. 

use of a revolving agitator, which 

forms part of the apparatus, the heated liquid rising from the copper tube 

Can be uniformly distributed through the bath The agitator carries a 
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thermometer to indicate the temperature of the bath. The oil-cylinder is 
furnished with a stopper consisting of a small brass sphere attached to a 
wire, the sphere resting in a hemispherical cavity in the agate jet. A short 
standard attached to the oil-cylinder carries a clip to support a thermo- 
meter in the oil. Inside the oil-cylinder, and at a short distance from the 
top, is fixed a small bracket terminating in an upturned point, which 
forms a gauge of the height of the oil level. The instrument is supported on 
a tripod stand provided with levelling screws. 

The liquid in the bath having been brought to the required temperature, 
the oil to be tested, previously brought to the same temperature, is poured 
into the oil-cylinder until the level of the liquid just reaches the point of the 
gauge. A narrow-necked flask, holding 50 cubic centimetres to a point 
marked on the neck, is placed beneath the jet in a vessel containing a liquid 
of the same temperature as the oil. The ball valve is then raised, a stop- 
watch at the same time started, and the number of seconds occupied in the 
outflow of 50 cubic centimetres noted. It is of the greatest importance that 
the oil-cylinder should be filled exactly to the point of the gauge after insert- 
ing the thermometer, and that the given temperature should be precisely 
maintained during the experiment, a difference of £° F. making an appre- 
ciable alteration in viscosity of some oils. 

Sir Boverton Redwood recommends that the number of seconds occupied 
in the outflow of 50 cubic centimetres of the oil under examination should 
be multiplied by 100 and divided by 535 (the number of seconds occupied in 
the outflow of 50 cubic centimetres of average refined rape-oil at 60° F.). The 
resulting figures should then be multiplied by the specific gravity of the oil 
under examination at the temperature of the experiment, and divided by 915 
(the specific gravity of refined rape-oil at 60° F.); the necessary correction 
for specific gravity being thus made, the final figures will express the 
viscosity of the oil, at the temperature of the test, in terms of viscosity of 
refined rape-oil at 60° F. 

Having considered the qualities which it is desirable that a 
lubricating oil should possess, it now becomes necessary to 
decide which class of oil most fully satisfies these require* 
ments. 

Such an oil is the mineral oil when of the best quality and 
carefully refined. It has a small rate of decrease in viscosity, is 
very fluid at normal temperature and has sufficient viscosity at 
high temperatures, does not leave deposits in the cylinders, has a 
low solidification point and a high flash-point, it does not clog 
nor gum, neither does it contain nor form acid products ; whereas 
animal and vegetable oils must be very viscous at nonnal tem- 
peratures in order to be able to lubricate the surfaces at high 
temperatures, as the rate of decrease of viscosity is higher. When 
subjected to the heat of combustion, they split up and form, with 
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the steam present, fatty acids, acrolein, etc., and at the same time 
deposit large quantities of carbon in the cylinder. If allowed to 
stand for any length of time, they also are subject to gumming, 
and through the acids produced cause corrosion of the working 
parts. Thus on practically all counts the mineral oil stands 
superior to either the vegetable or animal oil. It is true that 
castor oil has been used successfully in aero-engines of the rotary 
type and racing engines, but this has not been due to any special 
quality possessed by this oil, but because of the peculiar condi- 
tions under which this class of engine is employed. Castor oil is, 
however, practically free from any gumming action. 

With regard to compound oils, the mineral oil present tends to 
prevent, or at any rate to lessen, the liability to gum up and 
produce acids, but cannot prevent the deleterious effects in the 
cylinder, so that these also are inferior to high-grade mineral 
oils. 

It may here be stated that specific gravity is of no service 
in estimating the quality of an oil for lubricating purposes. 

Mr. Morcom gave the curve of a satisfactory oil called 
"SSL" in the paper before mentioned. It had a flash-point 
of 420° F., was very liquid at low temperature, had a viscosity of 
about 450 seconds at 100° F., and about 60 seconds at 250° F., the 
curve between 200° F. and 250° F. being nearly horizontal. 

280. Gearbox Lubricants. — There are three ways in which the 
gear wheels may be lubricated, by grease, by thick oil, by forced 
lubrication to bearings and spray on the wheel teeth. Of these 
the latter is to be preferred, because the minimum of power is 
required to overcome the resistance of the lubricating substance. 
From tests made on a standard gearbox it has been shown * that 
as much as 2 h.-p. may be lost in churning up grease, while when 
oil is used this is reduced to from ^ to 1 h.-p. When it is realised 
that this waste of power is going on during the whole time that 
the engine is running, it will be clear that oil lubrication is an 
advantage. 

The points which are urged in favour of grease are, first, that 
it deadens noise from the teeth, and, secondly, that there is no 
leakage from the bearings. Undoubtedly grease does tend to 
lessen the chatter from the gears, especially in gear-changing ; 
but in modern gearboxes, with the stuffing-boxes at the ends, 

1 Mr. Duckham's tests recoided in the Autocar in 1910. 
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there is no possibility of leakage from the gearbox. So it is 
really a question of whether it is worth wasting so much power 
or not for the slight gain in quieter running. It can hardly be 
considered that such is the case, but if grease is required to 
prevent leakage from the box, it may be retained at the bearings 
and oil used for the wheel teeth. 

The use of the oil spray for gear wheels is to be highly recom- 
mended ; but it is attended by the disadvantage that the system 
becomes more complicated and more expensive, so although 
desirable, its extended use is not anticipated, except, perhaps, on 
the higher-priced cars. 

231. Chassis Lubrication. — Just as the engine depends for its 
efficient working upon the satisfactory condition of its lubrication, 
so does also the chassis. All parts should be provided with 
means for lubrication, including the springs, which, if allowed to 
remain unattended, soon rust up and thus have their effectiveness 
lessened. The lubricating arrangements should be of ample 
capacity and be placed in such a position that they are not likely 
to be overlooked. 

In most cases, it is of no importance whether oil or grease 
is used, providing that the supply to the part is constant. 
Generally speaking, the oil for the rear axle bearings is supplied 
by that which passes along inside the differential casing, this 
being supplemented by cups at the hubs. Where ball-bearings 
are employed, the question is much simplified, because it is only 
then necessary to keep the balls in a greasy condition and on 
screwing on the cap sufficient grease is forced into the bearings 
to keep them so for a prolonged time. 

Plate and disc clutches will, ofcourse, be lubricated with oil, and 
of the quality recommended by the makers, as clutches may be 
quickly ruined by the use of unsatisfactory lubricants. Chains 
should be lubricated by soaking them in a mixture of graphite 
and tallow. 

232. Engine Lubricating Systems. — These may be summarised 
under three headings — splash, trough, and forced — although the 
extent to which the forced system is applied varies considerably, 
and sometimes renders the system rather a combination of splash 
and forced lubrication. 

233. Splash Lubrication. — This is the oldest sytem of lubrica- 
tion, and is effected by the action of the connecting rod ends 
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in striking the oil in the crankcase and throwing it all over 
the interior, some falling upon the cylinder walls and some upon 
the bearings, where by the use of cup-shaped orifices it is 
collected and admitted to the journals of the crankshaft. In 
some cases part of the cap to the big end is cut away and the 
crank pin receives the lubricant direct. The oil splashed into 
the cylinder is also thrown upon the piston head and the cross- 
head, so that all parts receive ample lubricant. 

In spite, however, of the simplicity of such a system, and its 
non-liability to failure, it is one which is not popular in the 
better class of work, on account of sundry disadvantages attending 
its use. It will be clear that it will be exceedingly difficult to 
maintain a constant level in the crank chamber under all condi- 
tions of working, as even though the correct level be obtained at 
starting, it will be affected by the speed at which the engine is 
running. This is due to the fact that at high speeds of rotation 
the oil splashed up by the cranks will not have time to run 
down the walls of the crankcase before the level has fallen 
considerably, and it is conceivable that such a speed might be 
reached at which the cranks would not touch the oil. At a 
low speed the cranks would dip deeply in the oil, and conse- 
quently an excessive quantity would be distributed, with the 
result that the cylinders would be more or less flooded. This 
trouble of regulating the supply at varying speeds is the great 
objection, as it conduces to wastefulness in the consumption of oil. 
. The second disadvantage attending the use of this system is 
the deterioration of the oil, through the burnt oil falling back 
into the crankcase and the liability of carbon from the cylinders 
becoming mixed with the oil or else dropping into the lubricating 
holes. These will, of course, affect the life of the engine parts, as 
impurities or bad lubricants are sure to cause excessive wear, 
while if the carbon deposit is sufficient to plug the oil-holes 
failure of lubrication to that part must result. 

Another defect in the splash system is experienced in hill- 
climbing from the lack of uniformity of supply to all cylinders, 
whereby the front cylinder is practically starved, while the rear 
cylinder receives a copious supply. This difficulty has been 
overcome, to some extent, by the provision of division plates in 
the crankcase, which prevent all che oil from running to the 
lower end and make it possible for all cranks to dip into the oil. 
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The supply to the crankcase to make up for the oil used is 
sometimes intermittent and sometimes continuous. In the 
intermittent form the oil is pumped by hand from a reservoir 
on the dash-board, while in the other form several methods may 
be employed. The oil tank may be placed under pressure from 
the exhaust or from a hand air-pump, and deliver oil at a drip- 
feed on the dash-board. Pipes are then led either direct into the 
crankcase, or else to main bearings, and the oil which leaves the 
bearings supplies that used in the engine. This latter form, it 
will be seen, is a gravity feed to main bearings and splash else- 
where. Occasionally a lead is taken to the cylinders direct and a 
plate inserted in the bottom of the cylinder so as to prevent oil 
being thrown up from the crankcase. Drips are, however, always 
troublesome, and require frequent adjustment, especially with 
changes of temperature of the atmosphere, and cause some 
inconvenience in cold weather ; further, a choked pipe is not 
discoverable until damage to the engine has resulted. 

284. Trough System. — This is a modified form of splash 
lubrication, wherein most of the disadvantages of that system 
are avoided. In the first place, the oil is maintained at constant 
level in the troughs, and thus the supply to the bearings, etc., is 
uniform; secondly, the narrowness of the troughs does not 
permit of any appreciable effect to be produced by the inclina- 
tion of the car when hill-climbing ; and thirdly, the oil passes 
through a filter before being delivered at the troughs for use 
again in the engine. Care, however, is required to see that an 
ample supply is provided by the pumps, otherwise on slowing 
the engine the level in the troughs will fall below that to which 
the cranks will reach. This is usually avoided by the provision of 
overflow holes in the sides of the troughs through which the surplus 
oil is discharged when running at any but the lowest speeds. 

It is a system which has come into prominence recently and will 
come into more extensive use on account of the absence of the com- 
plication which sometimes results in a forced lubrication system. 

235. Forced Lubrication. — This is the ideal system of lubrica- 
tion, and when completely carried out results in economy not only 
in lubricating oil but also in the cost of upkeep and repair. 

The pump draws the oil from a sump through a filter, which 
should be of large area, and discharges into a main, from which 
branches are led to the main bearings. The oil then enters the 
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crankshaft through a hole in the journal, the supply being 
maintained by cutting an annular recess in the bearing in the 
wake of the hole, and passes to the crank pin. Frequently the 
forced system stops here and the gudgeon is lubricated by splash ; 
but occasionally the oil is carried either through a hole in the 
connecting rod or by a separate pipe to the crosshead pin. The 
camshaft bearings, etc., are also lubricated by a separate lead of 
piping off the main lead. The use of the complete system 
ensures a supply of clean oil to every working part, thereby 
conducing to a high mechanical efficiency with the minimum 
consumption of oil. The annular recess in the bearing around 
the shaft should be staggered, so as to prevent the formation of a 
ring upon the journal when wear takes place. 

It is essential that the oil pressure should be sufficiently high, 
and that the pipes are of large bore, so as to give a free flow to 
all bearings. Mr. Morcom recommends the use of steel pipes, so 
as to limit the liability to fracture, which is present when topper 
pipes are employed. 

In addition to these advantages already indicated, the oil film 
which is maintained between the bearing surfaces prevents wear 
and renders the engine very quiet at all speeds, as the pressure 
of oil keeps the metallic surfaces separated. The certainty of an 
adequate supply of oil, together with the preservation of the oil 
film which results from this continuous supply, permits of the 
use of higher bearing pressures without any risk of failure. 

In fairness, however, the weak points of forced lubrication 
must also be examined. The extra complication involved by the 
piping and driving gear has already been mentioned, but it is 
not important, as in the trough system practically the same 
length of piping as well as the pump is required. The most 
powerful argument against a forced lubrication system is that its 
efficiency depends upon the condition of the bearings, that is to 
say, if there is sufficient clearance between the journal and the 
bearings, sufficient pressure may not be obtained in order to 
force the oil under pressure to the crank pins and the gudgeons. 
But seeing that the wear which takes place under a pressure 
system is so very small, it should not be a difficult matter 
to always maintain the bearings in an efficient condition ; 
and, further, as the pump should be capable of discharging more 
oil than is necessary for effective lubrication, some wear can 
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take place without impairing the efficiency of the system. It is 
often stated that the failure of the pump means the breakdown 
of the system ; but this is true of any system in which the pump- 
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Fig. 1()7. - Armstrong-Whitworth Lubricating System. 

feed is employed, and it must not be forgotten that the piping 
acts as a large reservoir, necessitating some lapse of time before 
damage could occur, before the end of which the driver would 
doubtless have observed the fall of pressure either from the gauge 
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on the dash-board or from the tell-tale. Sometimes a specially 
large reservoir is provided apart from the piping, so as to prolong 
the time between the cessation of the pump discharge and the 
stoppage of the flow of lubricant. 

It may be noted that the pressure is needed mostly at starting 
in order to generate the oil film between the bearing surfaces, but 
once generated, the actual pressure might be reduced somewhat 
without impairing the efficiency of the system in any marked 
degree. This accounts for the excellent running of engines in 
which a pressure of only 5 lbs. per square inch is used. 

The lubrication of the crankshaft bearings is facilitated by the 
alternate up and down stroke of the engine, as the oil has then time 
to flow into the bearing when the direction of the load is reversed. 

236. The Armstrong-WMtworth Lubricating System.— This is 
represented diagrammatically in Fig. 167, and is a combination 
of the forced splash type. 

The pump draws the oil, which has passed through a filter, from an oil- 
well in the crankcase, passes to the main bearings under pressure, through 
the crank journals and webs to the crank pin. Sufficient oil is then allowed 
to escape from the end of the crank pin bearings and is thrown up to the 
gudgeon pins, pistons, cylinders and cams by centrifugal force. 

A relief valve is fitted between the inlet to and outlet from the pump, so 
that when the pressure exceeds that for which it is set, about 6 lbs. per 
square inch, it opens and returns the oil back to the inlet side again. 

The oil pump is shown in Fig. 174, and is of the gear type. It is driven 
off the end of the camshaft by skew gearing, as seen from the illustration, and 
self- adjustment is provided by the jaws at the upper end. The pressure in 
the system is indicated by a gauge upon the dash-board. 

In the event of failure of the pump, a small quantity of oil is poured into 
the crankcase, and the engine can get home on splash lubrication. 

237. The Crossley System. — This system is an example of fully 
forced lubrication (see Fig. 168). 

The correct level in crankcase is seen from the gauge-glass N, and oil is 
admitted through the funnel K until this is obtained. A pump B of the 
gear type is fitted on to the end of the camshaft and draws the oil through 
the pipe shown from the sump, forcing it into the main delivery pipe. 
Branches are taken off this pipe to the bearings at C and to the dash- 
board gauge at S. The oil then passes through the crankshaft at F to the 
crankpin G, and up a pipe II attached to the connecting rods to the 
gudgeons J. 

From the pump B a small pipe Q is led to the timing wheels and sprayed 
upon the teeth. 

The pressure in the system is shown by the gauge M, and excessive 
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pressure is prevented by the relief valve S, which returns the oil to the 
crankcase. The average working pressure is 5 lbs. per square inch. 

A primary cock P is provided for the purpose of flooding the pump should 
it fail to draw oil when starting-up. 

288. The Napier System. — This is another example of a 
completely forced system. The oil is pumped by a gear pump, 
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which is always submerged, driven off the camshaft and 
discharged through a filter to the main delivery pipe, from 
which leads are taken to the bearings (see Figs. 169 and 170). 
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FlO. 169.— Elevation of Napier Lubricating System. 

It then passes through the crankshaft to the crank pins 
and then through the hollow connecting rods to the gudgeon 
pins. 
A relief valve is fitted which lifts on any great pressure being 



Fig. 170.— End Elevation of Napier Lubricating System. 
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1 the system — the normal working pressure is from 
10 to 15 lbs. per square inch. 




FlG. 171— Wolseley Lubricating System. 

The correct level is adjusted by filling up the sump until oil 
commences to run from the cock shown in Fig. 169. 

239. The Wolfleley System is 
shown in Figs. 171 and 172. 
from which it will be seen to be 
combined forced trough system. 

To crank< The bottom half of the crankcase 

forme a sump over which troughs are 
suspended. The oil is drawn from this 
sump through a filter by the rotary 
pump shown in Fig. '29, and dis- 
charged in two directions — one to the 
troughs and the other to the main 
delivery pipe to the main bearings. 
The piston, cylinders, gudgeons, etc., 
are lubricated by the splash from the 
troughs, while the engine gears have a 
separate lead shown in Fig. 171 ate. 

■■, ,-, F ,- . . T . • *■ The correct level in the 

Fio. 172.— Wolseley Lubricating . ,, , . (ll 

System crankcase is adjusted by the 
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cock E (Fig. 172), and a tell-tale is fitted on the dash-board to 
show whether the system is in operation or not. 

An excess quantity of oil is always being delivered to the 
troughs and overflows into the crankcase. 

240. The Austin 15 h.-p. System (Fig. 173) is pressure-fed to 



the main bearing and splash elsewhere. The oil is sucked from 
the sump through the suction pipes shown, and discharged to 
the main bearings ; it escapes from the ends and is thrown by 
centrifugal force along the crank webs, where it is caught by 
special oil-catchers and diverted on to the crank pins. Some oil 
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will not enter the crank-pin bearings, but be splashed over the 
camshaft and up into the cylinders, gudgeons, etc. 

A pipe is led to the dash-board to indicate the pressure iu the 
system. 

241. Oil Pumps. — It will have been observed that gear pumps 




are more generally used in lubricating systems. This is due to the 
simplicity of the method of driving which it permits of employ- 
ment and to its very effective action. But plunger pumps are 
occasionally fitted (see Fig. 7), although in such cases it is 
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essential that an air vessel be placed upon the discharge in order 
to take up the shock when the pump makes its delivery stroke, 
and to give a more or less uniform How of oil to the bearings. 



Fie. 175. -Sheffield Simplex Crankshaft. 

Centrifugal pumps are unsuitable for use in pressure systems 
and are, generally speaking, inefficient. 

242. Ball dad Roller Bearings. — This class of bearing is almost 
universally employed for chassis details and transmission gear 
parts which it is difficult to effectively lubricate, and occasionally for 
the crankshaft also {see 
Fig. 175), on account of the 
little attention such bear- 
ings require in the way of 
lubrication. The amount 
of power absorbed in fric- 
tion is very small with 
both ball and plain bear- 
ings if the latter are well 
lubricated, but whereas 
the former can be greased 
and not examined for a 
long time, it is essential 
with the plain bearing that 
the lubricating arrange- 
ments are in order. 

It is, however, very 
necessary for these parts 
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to be obtained from a reliable firm, as the advantages accruing 
from their employment are subject to the conditions that they 
must be of the best 
quality, and that the 
loads which they carry- 
are not in excess of 
those permitted by the 
maker. Occasionally 
one finds attempts 
made to manufacture 
ball - bearings which 
are foredoomed to 
failure, aB the process 
of tempering the races 
and balls or rollers isex- 
ceedingly difficult, and 
unless the hard metal 
extends to some depth, 
the surface will soon 
FIG. 177,-ilolfmaii Thrust Bearing. crae k and be destroyed. 

When fitting these bearings there must not be any slackness 
between the parts, as " play " is fatal to satisfactory application. 
For this reason the inner 
race is clamped to the 
Bhaft and the outer is a 
tight fit in its housing. 
The disadvantage of the 
ball-bearing is the absence 
of any kind of adjustment 
for wear, which is due to its 
construction and method 
of loading ; but on account 
of the extremely hard Bur- 
faces in contact, very little 
wear takes place even after 

prolonged use. The ball- Fra. 178.- Axle with Timken Roller 
* . & . ... Bearings. 

bearing gives very satisfac- 
tory results, even if the outer race be very slightly tilted, due to bad 
alignment of the shaft and the housing. The balls manufactured by 
Messrs. Hoffman are true to within one- ten-thousandth of an inch 
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Ball-bearings whieh are designed for radial load, Fig. 176, will 
not take an end load, and consequently an additional bearing is 
necessary. Fig. 177. 

Roller bearings are able to take end thrust as well as radial 
load, and the example seen in Fig. 179 is also adjustable. The 
illustration is of the 
Timken roller bear- 
ing, and shows the 
rollers assembled in 
the cage. Fig. 178 
gives the arrange- 
ment when applied 
to a front hub. It will 
be observed that while 
in the ball-bearing 
point contact obtains, 
in the roller type line 
contact is secured, 
thereby conducing to 
longer life, provided 
the parts are set on 
exactly the same axis. 

The general dis- 
advantages attaching . „. , 

. ,, « l ii i Pio. 179.- -Timken Holler Bearing. 

to the use of ball and 

roller bearings ib the increased weight and the extra cost of 
fitting, while they are not so silent as are plain bearingB when 
fitted to a gearbox, as the film of oil deadenB the vibrations Bet 
up by the wheel teeth. They have the important merit, how- 
ever, that the minimum of care and attention ia required when 
once fitted ; in fact, for the axles, differential bearings, and other 
parts which are not easy of access for lubrication, they stand 
superior to any plain bearing, no matter of what materials they 
are made. 

Questions on Chafteb XIX. 

(1) What are the principal requirements which a good lubricating 
oil should comply with ? 

(2) What are the causes of failure of the lubrication of an engine ? 
Explain why failure results. 

y 2 
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(3) How would you determine the flash-point of a lubricating oil ? 

(4) Give a specification for a good lubricating oil. 

(5) Define flash-point, burning point, and viscosity. 

(6) What lubricant should be used in the gearbox ? Why is grease 
so largely used for this part ? 

(7) Make a sketch showing the piping for a forced lubrication 
system. 

(8) What are the objections to a system of splash lubrication ? 

(9) Compare the trough system of lubrication with a forced system ? 

(10) Make a sketch of a gear pump and explain its action, showing 
by arrows the direction of rotation of the wheels and the path of the 
water. 

(11) Describe with the aid of sketches a trough system of 
lubrication. 

(12) Why are ball and roller bearings so largely used in many 
parts of the chassis which are enclosed ? 

(13) Make a sketch of the mounting for the bevel pinion of a 
differential showing the thrust and ordinary bearings. 

(14) What advantages have roller bearings over ball-bearings ? 



CHAPTER XX 

CHASSIS CONSTRUCTION 

248. Chassis Frame Requirements. — Perhaps there is no part 
of the modern car that has received so much attention in recent 
years at the hands of the designers, yet which superficially 
exhibits such little trace of the time which has been devoted 
to it, as the chassis frame and its suspension. But when one 
examines the details — the refinements which together make the 
modern car what it is — the marked improvements which have 
been introduced are at once apparent. 

Attempts were made at one time to construct the automobile 
on the lines of the horse carriage, but that such would be 
impossible was soon apparent on account of the difference in the 
conditions under which they are employed. The modern frame 
has to withstand enormous shocks, and the stresses induced bv 
them, because of the high speed at which cars travel. These 
stresses are due to irregularities in the road surface, the turning 
of corners, the braking of the car, and the torque from the 
engine. In addition, the vibrations from the engine are not to be 
neglected, while the weight of the parts which are attached to the 
frame is often as great as that of the frame itself. From this 
it should be clear that an exceedingly strong construction is 
imperative if the chassis is to stand up to its work. 

But lightness is just as essential as strength. Heavy framing 
means that a great weight will have to be carried, and conse- 
quently the petrol and tyre costs will be high, and the shock on 
the suspending memlrers will also be excessive. Strength must 
therefore be obtained, not by increasing the metal in the parts, 
but by the efficient design and arrangement of the parts, so that 
they will sustain the stresses they are called upon to bear. 

The convenience and comfort of the passengers are no less 
important, as if a manufacturer is to be successful, he must 
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provide a car that gives the maximum of comfort for the 
minimum of expense. Thus the chassis must be arranged so 
that the occupants of the car will not be cramped nor dis- 
commoded in entering or leaving the vehicle, yet at the same 
time allow of easy access to all parts for inspection, adjustment, 
and repair. Short wheel bases do not permit this to be readily 
done, so one finds that the extremely short wheel bases which 
were at one time so much used are now virtually extinct. 

Lastly, it is essential that the framing should be rigid unless 
distortion of the body is to result in jambed or rattling doors ; 
and what is more important, unless the transmission gear is to 
be subjected to strains and loads which it cannot be designed to 
withstand, the frame should move bodily when a wheel passes 
over an obstruction in the road and the motion is transmitted 
by the springs. For this reason the suspension should be quite 
independent, in order that one corner of the chassis may rise 
freely and the opposite diagonal corner be depressed. On the 
other hand, some measure of flexibility is not to he despised, as 
otherwise there may be a local portion of the framing which, by- 
being continually distorted, may ultimately fail through fatigue 
of the metal. This it is clearly the duty of the designer to avoid 
by giving the frame such a construction as will give sufficient 
rigidity in general and at the same time prevent overstraining 
some part which receives the motion. 

244. Frame Construction. — In considering the frame of the car 
it cannot be too strongly emphasised that the chassis is to 
support the body, and therefore must not rely on any part of the 
body for its strength. This remark applies equally to the 
engine, although occasionally examples are seen where this is 
not so. 

The side members of the framing are generally made of pressed 
steel of channel section and are tapered towards the ends. This 
form gives the minimum of weight for the maximum of strength, 
having the greatest depth at the centre of the chassis, where the 
bending moment due to the weight of the body, etc., is greatest. 
Such construction is seen in the accompanying figures. It will be 
observed that, in order to provide for a low body yet allow of a 
good depth of spring, the side members are in practically all cases 
raised over the rear axle ; in the Vauxhall chassis the frame is 
dropped just in front, which has the same effect. 
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Occasionally, too, the frame is narrowed in the wake of the 
dash-board, as shown in Figs. 1 and 185, so that the steering lock 
may be increased ; but when this is done, there is a bending moment 
on the side members due to the weight of the engine. Some 
provision must then be made in order to stiffen the frame at this 
point, and may take the form of a stay between the side members, 
or, as is the case in the Vauxhall and the Deasy chassis, the 
channelled frame may have its upper and lower edges increased 
in width. It is often very difficult to fit a transverse stay to the 
car at the dash-board, because of its proximity to the flywheel; but 
occasionally, as in the Deasy, an arched girder is provided which 
serves also to keep the bonnet air-tight. 

Another construction which is sometimes adopted for the side 
members is of square tubular section, which is made of slightly 
thinner steel. To provide the necessary stiffness to prevent 
buckling, these tubes are wood filled, which furnishes an extremely 
light chassis frame. 

The tubular side members do not obtain many adherents, 
because of the difficulty of attaching the. parts and providing 
sufficient means of bracing the frame without adding unduly to 
the weight of the chassis, and thus nullifying the object of the 
construction. But there are one or two cases where cars are in 
use having such a framing. 

245. Methods of Resisting the Distortion of the Framing. — 
So far the frames have been considered from the point of view of 
the load due to the body, engine, etc. But turning now to the 
question of road shocks, the effect of raising one wheel in passing 
over an obstacle is to tilt the framing diagonally, tending to twist 
one member relative to the other, that is if the transverse 
members at the rear of the frame are sufficiently rigid. To 
obtain this rigidity in the Standard chassis (Fig. 1), it will be seen 
that the rear transverse member is very solidly tied by channel 
irons, which strengthen the transverse member also. In the 
Napier chassis (Fig. 183) a strut supplemented by supporting irons 
gives a very strong construction. The Vauxhall (Fig. 185) has a 
strongly webbed transverse member, while the Sheffield Simplex 
rely on the well-proportioned rear member (Fig. 181). 

The twisting of the chassis, which was mentioned in the previous 
paragraph, is resisted on the Standard car by a cross girder of 
ample proportions having webbing connecting it to the side 
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members, and although its section is not the best for resistance 
to torsion, yet some assistance is derived from the exceptionally 
strong rear stiffeners, as well as the curved webs near its attach- 
ment to the longitudinal 
F~ members. The Napier 

chassis has two channel 
i girders facing each other 

! , I about two feet apart, while 

two tie rods are crossed in 
j ! between them and bind the 

corners together. If the 
rear end is raised, any ten- 
1 1 | dency to buckle puts one 
;■ J of these tie rods in tension. 
: h The channel girders also 
' ' '|- assist in resisting this dis- 
% tort ion, because they act as 
j ?■ a portion of a large tabe. 

1 In ' Figs. 180 and 181 it 
* will be seen that on the 
a Sheffield Simplex chassis 
s two tubular cross members 
J are provided, one just in 
3 front of the gearbox and 
■i another in the vicinity of 
- the front seats. This 

2 should give an extremely 
rigidchassis, as theyshould 
resist any tendency to dis- 
tort the framing from either 
axle, and more than com- 
pensate for the absence 
of any special webbing at 
the rear. On the Vaux- 

""■>* hall a similar tubular strut 

is fitted, but to the rear 
of the gearbox near the centre of the chassis. 

The attachment of the transverse members to the side memlwrs 
should receive very careful consideration, in order that there may 
be no tendency to damage the plate in the vicinity. The function 
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of these members iB to stiffen the longitudinal girders, which, on 
account of the thin metal from which they are manufactured 
(aljout fa in.), might fail through buckling under a vertical or a 



wide load. When in use these parts are subjected to alternating 
loads, and, unless the connection is made over a fair surface, may 
weaken the joint and perhaps tear the plate. 
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246. Suspension of the Engine and Gearbox. — Frequently the 

engine and gearbox are 

attached directly to the side 

members, a universal joint 

being provided between the 

clutch and the gearbox to 

allow relative motion to 

take place. As has been 

already stated, however, the 

crankcase arms must not be 

subject to any stress due to 

the movement of the frame, 

■| otherwise, being of east 

J metal, they are liable to 

Z. snap off. 

J In Pig. 185 the gearbox 
= and engine will be seen to 
*") be supported by an under- 
* frameformedbytwochannel 
- girders which pass between 
LI the transverse member at 
a the front of the car and 
| the tubular strut already 
j> referred to, a universal joint 
w l>eing interposed, as statod 
-r above. 

~ Another construction 
,t which is often seen is the 
unit system of suspension, 
and this is, on the whole, 
excellent, provided that suffi- 
cient care is taken in the 
design that free access may 
be had to the crankcase. 
clutch, gearbox, etc. In 
this system, a portion of 
the crankcase and a support 
for the gearbox are either 
cast in one piece or else 
bolted rigidly together, the front end being pivoted at the front 
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of the chassis, and the rear end secured to a girder between these 
frames, thus securing a 
three-point suspension and 
relieving the casing from 
the twists and strains to 
which the frame is sub- 
jected. The importance of 
this advantage cannot be 
too highly estimated, while, 
in addition, a better align- 
ment of the clutch and 
gear-shafts is permitted, 
thereby benefiting both 
the owner and the manu- 
facturer, and substantially 
improving the construction 
of the chassis. 

The Crossley unit system 
is shown in Fig. 186, the 
Arrol-Johnston in Fig. 187, 
and the Adler in Fig. 12. 

247. Springs.— The func- 
tion to be performed by the 
springs is to absorb the 
shocks due to irregularities 
of the road surface, and 
thus prevent the occupants 
of the car from being sub- 
jected to a succession of 
jolts. If a car is observed as 
it travels along a road, it will 
be seen that the axles are 
continually rapidly rising 
and falling, and were it not 
for the fact that springs 
are fitted, even moderate 
speeds would not be pos- 
sible, because the car would 
soon be shaken to pieces. 

The class and strength of spring to be applied to any oar will 




O 



OS 
K 

d. 

.C 



c 

oS 






O 



834 MOTOR CAR ENGINEERING 

depend upon the conditions of use and upon the weight of the 
spring-supported load. If it is intended that the car should be 



Phi. 1H«. Crossley Unit 



employed on fairly smooth roads at low speeds, the spring may 
be made to have a much greater deflection, though a vehicle which 
will probably run on very rough ground or at high speeds. 



Fig. ]n7.— Am>l-Johnston Unit. 



racing cars, for example, would have short stiff springs, because 
any tendency to tilt the car at corners would probably be fatal. 
Similarly, the weight will influence the choice of springs, in that, 
if the springs are too weak, travelling will be extremely uncom- 



CHASSIS CONSTRUCTION 385 

fortable, because excessive rolling will be produced and perhaps 
cause bumping ; while if too strong, they will not reduce road 
shock sufficiently. Long springs are, however, desirable for 
rough roads, in order that the deflection may l>e great. A large 
number of leaves to the springs also assist in giving an easy 
motion, because the friction lietwuen the leaves deadens shock by 
retarding the motion of the spring. 
There are four principal types of springs : - 

(1) The full elliptic, seen in Fig. 189, fitted to the rear axle. 

(2) The three-quarter elliptic. 

(8) The semi-elliptic, shown in Fig. 189, on the front axle. 
(4) The C spring. 

Another type of spring is shown in Fig. 192 fitted to the 
IJeasy chassis. This, it will be seen, is suspended from the axle 



FlO. 18B.— Sheffield Simplex Car Bear Spring. 

at the rear and attached to the side members in two places. The 
suspension is said to be excellent. 

The semi-elliptic spring is very largely fitted on both front 
and rear axles, as there is practically no tendency to oscillatory 
motion, and when the drive is taken through springs it is almost 
universally employed, the forward end of the spring being pivoted 
on the frame and the shackled end at the rear. Occasionally 
the three-quarter elliptic is used, but mainly on the front axle, 
where the upper quarter is sometimes embodied in the ends of 
the side frame members, forming dumb irons. At the rear it is 
usual for the upper quarter of the spring, which is secured to the 
frame, to be suspended by a shackle beneath the lower half. In 
order to obtain an easier motion when semi-elliptic springs are 
uBed, a cross spring is attached to the two side springs and the 
body suspended at the centre. Examples of this are seen in 
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Fig. 188, fitted to the Sheffield Simplex car, and aleo in Fig. 183 

on the Napier chassis. 

It is sometimes stated 

that the three-point 

suspension of the body 

permits of rolling 

taking place, but this 

is rather a matter of 

design, and cannot be 

seriously considered as 

fin objection to it as a 

system. In the Napier 

chassis a bracket is 

| token off the framing 

% for attachment to the 

^ centre of the spring, 

ji but in the Sheffield 

% Simplex the chassis is 

™ extended so as to come 

1 right out over the 
| transverse spring. 

"J The C spring is 
£ seldom fitted, except 
"? on a few foreign cars, 
oi but it gives a very easy 
™ suspension, albeit it 

2 permits excessive 
lateral movement of 
the body and is not 
suitable for high 
speeds. 

Where the full ellip- 
tic springs are em- 
ployed, means must be 
adopted to prevent the 
lateral displacement of 
the chassis. On the 
Arrol- Johnston chassis 
this is arranged for by 
connecting the axle to the frame by a parallel motion, so that it 
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is free to move vertically. The bracket for effecting this is seen 
in Fig. 189, near the forward end of the lower half of the spring. 

The almost invariable practice as regards the attachment of 
front springs to the framing is to pivot them on the dumb irons 
and to shackle them at the rear. This is so because the effect of 
the forward movement of the car with the rear driving axle is to 
cause the forward axle to pull upon the front attachment, and 
this is better for the spring than for a thrust to be exerted 
through the spring to the rear attachment. 

It is most important that the shackles are fitted with some 
form of lubrication, so as to avoid excessive wear and noise, and 
this applies equally well to the leaves of the spring, which by 
their grinding action soon squeeze out or wear away the 
lubricating composition with which they are painted by the 
carriage builders. 

248. Shock Absorbers. — There is a considerable diversity of 
opinion as to the advisability of fitting shock absorbers to a car. 
If the general character of the road traversed is level but rough, 
the pneumatic tyres will absorb the vibrations due to these 
irregularities, and if occasionally there are ruts or sudden 
depressions, the action of the springs will prevent the full effects 
of the fall and rise of the axle from being transmitted to the 
body. But the action which takes place when the road has a 
smooth undulating surface is somewhat different. 

In travelling over such a surface the springs are alternately 
compressed and extended according as the car is ascending or 
descending an incline, because the inertia of the car body 
prevents an immediate change in its direction of motion, and 
some force is required to be exerted by the springs to produce 
the necessary upward or downward acceleration. These move- 
ments of the springs react upon the body, giving it an upward 
motion on the ascent, while on the descent the reduction of the 
spring deflection allows the force of gravity to cause the body to 
receive a downward motion, which will thus be continually 
vibrating in a vertical direction. If, therefore, the natural 
period of oscillation of the car coincides with the time at which 
the car is receiving the vertical accelerations from road shock, 
the motion of the body may ultimately become altogether so 
excessive that, apart from the discomfort to the occupant of the 
car, injury may be caused to the springs. It is clear that no 
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spring can effect any diminution of this action, so shock 
absorbers have been fitted in order to damp these vibrations of 
the chassis frame by retarding the action of the springs. 

But the beneficial effects of shock absorbers in the circum- 
stances stated are accompanied by others which are not so 
desirable. When a road wheel meets an obstacle upon the 
ground, the tyre receives a blow which causes the wheel 
to rise, the magnitude of the acceleration being found from 
S = \ af a , where a is the acceleration, 8 is the height of the 
obstacle, and t is the time taken, assuming that the accelera- 




Fig. 190.— Eolls-Royce Shock Absorber. 

tion is uniform. If the car is travelling at 20 miles per 
hour and the height of the obstacle is 1 in., and the point 
of contact with the tyre is, say, 6 ins. from the centre of the 
wheel, the magnitude of the acceleration will be 472 feet 
per second 2 , or 14*7 times the acceleration due to gravity alone. 
The wheel will therefore not fall down immediately it passes the 
obstacle, but at a distance beyond it, which will be increased 
because the springs will have to absorb the energy in the rising 
wheel before returning it to the ground aided by gravitation. 
During the time that the wheel remains in the air the engine 
will accelerate its speed by the action of the differential, as less 
resistance will be offered; consequently when the tyre again 
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meets the ground it will be travelling faster than the car, and 
therefore will be subjected to severe stresses. By the applica- 
tion of the shock absorber it will 
be seen that the period during 
which the wheel is in the air will 
be prolonged and the harmful 
effects greatly accentuated. 

Shock absorbers are of two 
forms, both of which are similar 
in their action. In the hydraulic 
type various fluids are employed 
which by their viscosity prevent 
the rapid motion of the springs ; 
while in the frictional shock ab- 
sorber the friction between the 
surfaces in contact produces the 
same result. Supplementary 
springs which are occasionally 
used are for the purpose of giving 
an easy motion without excessive 
deflection. 

In the Rolls-Royce frictional 
shock absorber, Figs. 190 and 191, 
a base A secured to the frame is 
keyed to a washer B. Between 
these parts a steel lever C is free 
to move, but is separated from 
them by two leather washers D 
and E, which prevent the lever C 
seizing and also tend to keep the 
effort constant. 

The pieces A and B are drawn 
together by means of a spring F 
and bolt G, so that the circular 
portion of the lever C is subjected 
to compression, which is adjusted 
by the nut H. The spring thus 
allows of wear taking place without the continual neces- 
sity for adjustment. The ^connection with the axle is by 
means of the adjustable ball-jointed rod J, which allows all 
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slackness to be taken up and renders the gear very noiseless in 
action. 

249. Torque Rods and Tubes. — The torque rods are necessary 
in order to take the reaction of the torque on the axle on the 
chassis frame, which has a direction opposite to that of the 
wheels. These are especially necessary when the car is started 
or stopped by the brakes in a very short time, or when hill- 
climbing on low gear and full load. "When the small bevel wheel 
transmits the power from the engine, it endeavours to climb 
round the crown wheel, but is prevented from so doing b\^ the 
axle casing, which is held by a torque stay. This rod is therefore 
subjected to a bending stress and requires to be of ample section, 
or of such a construction that it will resist buckling. For this 
reason two circular hollow rods are frequently fitted in such a 
position on the axle casing that the torque is taken in both 
directions of running by one rod in tension. In the forward 
gear the upper torque member is loaded, while in reverse 
gear or braking the lower takes the stress. Occasionally 
light angle irons are used, while in others a lattice girder is 
fitted. 

The position in which they are placed is not of very much 
moment, except that when secured to the side of the car the axle 
casing must transmit the torque and is thus subjected to both 
the load due to the weight of the chassis as well as the torque, 
but in this position the rods also serve as radius rods. A 
common method is to secure the torque rods to the differential 
casing and support the forward end on a cross member. In 
some cases a spring is interposed between the end of the torque 
rod and the frame which enables the torque to be taken up 
gradually, but in the majority of cases the attachment is a link. 

The torque rod should be anchored as far forward as possible, 
preferably in the same line as the universal joint in the 
propeller shaft, so that as the rear axle rises and falls from the 
irregularities of the road there will be no tendency to shorten 
the length of this shaft, but the transmission given will turn 
about one centre. 

In recent years the torque member has been replaced by a 
torque tube, the forward end of the tube being either suspended 
from a special connection in a transverse member, as in Fig. 186, 
or else upon a ball-bearing on the propeller shaft — the former 
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being preferable. The construction is to be commended, as the 
whole of the driving 
mechanism is en- 
closed. 

250. Radius Rods. 
— These are provided 
so as to keep the axle 
in the same trans- 
verse position across 
the car when the 
road wheels meet 
with an obstacle 
which tends to dis- 
place it, and also to 
propel the car for- 
ward. They should 
be secured in the 
manner indicated for 
torque rods, and for 
the same reasons. In 
some cases the rods 
are secured to the 
ends of the axle and 
j>ass diagonally to a 
point near the centre 
of the car, while in 
others they are placed 
at the sides. 

The construction 
used on the Deasy 
chassis is illustrated 
in Fig. 192, where it 
will be seen that a 
form of parallel 
motion is employed 
on both sides of the 
car so as to allow for 
the rise and fall of 
the rear axle, which 
is thereby always kept in the same place. This also serves as a 
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torque rod, the upper member on each side being provided with 
rubber buffers in the box shown near the rear axle. 

It has become the practice in many instances to take the drive 
through the springs, instead of fitting radius rods, but this, 
although giving good results in practice, can hardly be commended, 
as the function of the spring is to support the chassis, and the 
abolition of the radius rods necessitates a more substantial con- 
struction of the spring than is otherwise necessary. Under 
such circumstances the upper leaf of the semi-elliptic spring is 
subjected to a compressive stress, which, in order to resist it, must 
be of ample proportions, and thus the suspension will be some- 
what harder than it might be. It will be seen that the front end 
of the spring will have to be hinged on the chassis, consequently 
the axle will be unable to swing so freely about a fixed centre. 

251. Fixed Axles. — The front axle of all cars, and both axles of 
side-chain driven cars, are always fixed or dead axles, and are of 
somewhat similar construction. 

In shape they may be H section or circular, and where the 
latter is used they may be solid or tubular. Considered from 
the point of view of strength, the H section is the strongest 
for equal weight uuder a vertical load, but there are other stresses 
to take account of, namely, those due to road shock, steering and 
braking ; the stress due to the weight upon the axle is by far the 
greatest. These latter take effect in a horizontal direction, so 
that the axle is subjected to both vertical and horizontal load. 
In this respect both the tubular and the solid axle are to be 
preferred, as they are equally strong in all directions, but as the 
solid axle is heavier for equal strength than the H section, and 
has not the same appearance, the H section is very largely 
employed. On the other hand, the solid axle can be easily forged 
to assume any shape, while the H section, being of pressed steel, 
is more expensive, but the latter facilitates the provision of means 
for the attachment of springs, etc. With the tubular form the 
pads or palms for the springs, and the jaws or pivots for carrying 
the wheels, have to be secured either by clamps, by brazing or by 
welding, which is some detriment, because its advantage in light 
weight is thereby reduced. Welding, especially in the higher 
grades of steel, is to be accepted with caution, because it is not 
satisfactorily performed except under expert supervision. 

The difference in the front and rear axles lies in the attach- 
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inents principally, the front axle having pivots for steering, and 
the position of the palms for springs being nearer the centre 
than the rear axle. This is necessary in order to provide 
sufficient steering lock, but the axle requires to be made much 
stronger in consequence of the greater bending moment due to 
the load. 

It is preferable to use hardened sleeves over the axle upon 
which the wheels revolve when ball-bearings are not employed, 
as the process of hardening frequently causes small cracks to 
start which are not visible to the eye, but which after a time 
extend and ultimately cause the failure of the axle. 

To enable the engine to sink well into the framing and reduce 
the height of the centre of gravity of the car, it is usual to crank 
the front axle. This construction, together with the manner in 
which the parts are secured to the axles, is very clearly shown 
in Fig. 184, as well as in other illustrations in various parts 
of the book. 

252. Wheels. — There are two general classes of wheels, the wire 
wheel and the wooden wheel. The former is really in a class by 
itself, but the latter may be divided into two sections, those to 
which a detachable rim can be fitted and those to which it 
cannot. 

Wooden or artillery wheels are made of hickory, acacia, and 
oak, being usually of the latter. The spokes are shaped at the 
centre, so as to fit together, and are secured between two plates, 
which are constructed as seen in Figs. 149 and 193. In the latter 
figure the detachable artillery wheel is illustrated. These spokes 
are dovetailed into a wooden rim, to which is attached the metal 
rim carrying the tyre. 

When referring to the wire wheel, the Rudge-Whitworth wheel 
naturally presents itself, and its construction is as shown in 
Fig. 198. It is made in two forms — the double spoke and the 
triple spoke — and in both cases is detachable, while the latter 
gives less stress on the stub axles and brings the wheels to the 
standard track. The wheel is secured in position by a lock-nut, 
which turned to the left forces the wheel off and to the 
right drives it on to its inner or permanent hub, as may be seen 
in the illustration. The lock-nut is secured from coming off by 
an automatic pawl and a bolt. When the wheel is correctly fixed 
and the pawl fully engages its ratchet, the inner hub projects 
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through the lock-nut and the pawl discloses the word " safe." 
The bolt is then brought into engagement. The method of 
assembling a wire wheel on the axle in shown in Fig. 155. 




Fig. 193.— Hud go-Whit worth Detachable Wheels. 

The stresses to which the wheels are normally subjected are 
due to the vertical load on the axle, the centrifugal force in 
turning corners, the side load from the angling of the wheels, 
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side-slip, and the effect of striking a kerb or other obstruction by 
the side of the wheel. Of these it will be seen that the first 
is a directly vertical load, while the others all cause side strain, 
but the wheel must be capable of withstanding both. When 
rounding corners, especially at speed, the inner wheels tend to 
lift off the ground, while the outer wheels are subjected to a side 
load due to centrifugal force, which may be exceedingly great. 
There is also a possibility of a blow being received by the wheel 
on the inside when travelling over rough roads, but the stresses 
in the wheel due to side loads are greatest and most frequent 
from the outside of the wheel, and therefore the wheel should be 
strongest on that side. The spokes of the driving wheels will, in 
addition to the loads already mentioned, have to transmit the 
power from the engine. 

In the wire wheel, these loads cause tensile stresses to be 
induced in the spokes, which are thereby permitted to be of 
very light construction. In the double spoke wheel, the side 
load from the inside of the car is taken by the inner ring of 
spokes, and the vertical load by both rings of spokes. The side 
loads on the triple-spoke wheel are taken by the two outer rings 
of spokes, which are similarly disposed to those in the double- 
spoke wheel, excepting that the outside spokes are at a greater 
angle, and consequently are better able to resist side loads from 
the outside. The vertical load is taken on the two inner rings 
of spokes. 

The artillery wheel is inferior to the wire wheel, both as 
to the materials from which it is made and the manner in 
which it resists the side loads. It can, however, be made 
sufficiently strong for the work which it has to perform, although 
this necessitates an increase in the weight and consequently an 
increase in tyre wear. Still, it has been extensively employed 
with very satisfactory results in all classes of work, and has the 
merit of being much cheaper to manufacture than the wire w r heel. 

Mention may also be made of the Sankey pressed steel wheel, 
which is formed by welding two plates together, each of which 
has been made to assume the shape of one-half of the ordinary 
wooden wheel cut through the centre, at right angles to the axis 
of the shaft. It is somewhat lighter in appearance than the 
wooden wheel and is much stronger, but it is believed to be 
slightly heavier for equal powers. 
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Questions on Chapter XX. 

(1) What are the requirements which must be met in the modern 
chassis ? 

(2) How can the requirements given in Question 1 be fulfilled ? 

(3) What useful purposes are served by fitting radius and torque 
rods? 

(4) For what purpose are springs fitted between the chassis frame 
and the road wheels ? 

(5) Compare the various forms that are adopted in axle construc- 
tion from the point of view of (a) strength, (b) lightness, and (c) ease 
of manufacture. 

(6) Why are shock absorbers fitted, and how do they operate ? 

(7) What are the principal advantages of the unit system of 
construction ? 

(8) Make a sketch showing the method of attachment of the 
springs (a) to the axle and (b) to the frame. 

(9) What objection is there to taking the drive through the 
springs ? 

(10) Compare wire and wooden wheels as regards (a) lightness 
and (b) strength. 

(11) Give a sketch showing the construction of the chassis frame 
on some make of car, and point out any particular merit or demerit. 



CHAPTER XXI 

GENERAL PRINCIPLES OF THE STEAM CAR. 

258. Although the steam engine belongs to the same class of 
prime movers as the petrol engine, namely, heat engines, it is 
essentially different in its method of operation and control ; and 
this dissimilarity becomes greatly accentuated when the power 
unit is considered as a whole. Taking one, yet perhaps the most 
important, difference, by way of illustration, it has been shown 
that in the internal-combustion engine the working fluid is the 
actual products evolved by the combustion of the fuel within the 
cylinder itself. In the class of engine now being considered, 
however, the fuel is burnt outside the cylinder, and imparts its 
heat to water contained in a separate vessel called the boiler, the 
steam there generated being used as the motive agent in the 
cylinder. Other points of difference will be readily apparent 
when examining the details of construction, and it is therefore 
unnecessary to recount them here. 

254. The Steam Plant. — The essential parts of a steam car, so 
far as the power unit is concerned, are the boiler, with burner 
and vaporiser, the engine, and the condenser. The vaporiser is 
employed to gasify the liquid fuel as it passes to the burner, 
while the boiler receives the heat given out by the fuel in com- 
bustion at the burner, converting water into steam. The steam 
is taken to the engine and there made to do work upon the 
piston, after which it passes to the condenser, which condenses 
the exhaust steam, thereby preventing loss of water on the one 
hand and contributing to the efficiency of the engine on the 
other. There are sundry other parts of the mechanism, for 
example, the pumps for supplying fuel to the burners and water 
to the boiler, and the thermostats and pressure regulators for 
controlling the amount of fuel or water supplied to the steam 
generating portion of the unit, but these are of somewhat 
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secondary importance so far as the aspect under consideration is 
concerned. 

Having thus defined the functions performed by the several 
parts of the steam car, it will be well to examine what takes 
place when steam is generated. 

255. The Generation of Steam. — When heat is applied to a 
vessel containing water, the temperature rises gradually until the 
temperature of boiling is reached, the actual temperature being 
dependent upon the pressure existing in the containing vessel, 
after which any further heating is not recorded by the thermo- 
meter. 1 The heat added after reaching the boiling point is not, 
however, lost, but utilised in changing the water from a liquid 
into a gaseous form as the water is converted into steam, the 
temperature of the resulting steam being the same as that of the 
water from which it generated. 

256. Sensible Heat. — The sensible heat is the number of heat 
units imparted to the water in raising its temperature from that 
at the commencement of the heating process to that of the boiling 
point of water under the pressure to which it is subjected. The 
boiling point of water, as has been stated, depends upon the 
pressure, increasing as the pressure increases, but at a different 
rate ; consequently the sensible heat will be affected by the pres- 
sure at which the steam is generated. Its numerical value is 
equal to the rise of temperature recorded by the thermometer 
multiplied by the weight of water in lbs. 

Thus, if 6 lbs. of water has its temperature raised from 62° F. 
up to 212° F., that is, the boiling point of water under atmo- 
spheric pressure, the number of B.T.U. required is (212 — 62) 6 
= 900. 

257. Latent Heat of Evaporation. — The latent heat of evapora- 
tion is the number of heat units required to convert 1 lb. of water 
into steam without change of temperature. The latent heat of 
steam is not a constant quantity, for 1 lb. of water under a 
pressure of one atmosphere requires more heat in order to 
convert it into steam than when at some higher pressure. Its 
value may be obtained from the equation 

Latent heat = 1114 — 0*695 h 
where *i is the temperature at which steam is produced in degrees 
Fahrenheit. The total number of heat units required to convert 

1 The reader is referred to Art. 260, " Superheated Steam." 



GENERAL PRINCIPLES OF THE STEAM CAR 849 

1 lb. of water into steam at any pressure = latent heat + sensible 
heat = H. 

This is called the total heat of steam, and it is usual to calculate 
from 32° F. It may be defined as the number of heat units 
required to raise the temperature of 1 lb. of water from 32° F. to 
a given temperature and convert the water into steam at that 
temperature. 

Then H = latent heat + sensible heat 
= 1114 - (0-695 *i) + (>i - 82) 
= 1082 + 0-305 fi. 
For example : to find total heat of steam contained in 1 lb. 
of steam at a pressure of 85 lbs. per square inch gauge. On 
reference to tables the temperature of steam at this pressure is 
328° F. 

Then H = 1082 + ("305 X 328) 
= 1082 + 100*04 
= 1182-04 B.T.U. 

258. Dry Saturated Steam. — So far, the steam has been referred 
to as steam, but all that has been given refers only to dry satu- 
rated steam, of which the following definition may be given. Dry 
saturated steam is steam at its maximum density for any given 
pressure. By this it is meant that the steam has received such 
a quantity of heat as has just converted any water or water- 
vapour into steam. This steam is in a condition such that any 
reduction of temperature would cause water- vapour to form. 

Dry saturated steam possesses the property that the tempera- 
ture of steam formed at any given pressure is always constant, 
and, therefore, knowing either the temperature or pressure, the 
total heat of such steam may be easily ascertained. Where tables 
are available, the student will refer to these when either the 
temperature or the pressure is required, but it may be calculated 
from the formula 

logioi>- 6-1007 ~|-^, 

where log B = 34364, log C = 5*5987, and T = the absolute 
temperature on the Fahrenheit scale. 

259. Wet Steam. — The steam produced in most boilers, how- 
ever, seldom conforms with the conditions stated in Art. 258, but 
usually contains a certain proportion of water in suspension ; such 
steam is called wet steam. This may be due to rapid generation 
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of steam or insufficient water surface in the boiler, but in anj~ 
case it affects the accuracy of calculations based on the assump- 
tion that dry steam is being used. The proportion of dry steam 
present, or, as it is termed, the dryness fraction, depends upon 
certain circumstances, but is generally so large as to bring all 
calculations within practical limits. The error involved is that 
the total heat of such steam is overestimated by the amount of 
heat required to convert the weight of water present into 
steam and is therefore equal to the product of this weight by the 
latent heat of steam at this pressure. 

The total heat of wet steam is 

H = S + x L, 
where S = the sensible heat, L = the latent heat of steam at 
that pressure, and x is the dryness fraction of the steam or the 
proportion of dry steam present. 

260. Superheated Steam. — It was stated in Art. 255 that in the 
generation of steam the temperature of the steam will be the same 
as the water from which it was produced. But this is only true 
when the steam is formed in contact with the water, for if heat- 
ing be continued sufficiently long the water will disappear and 
the heat previously expended in converting water into steam 
will now be used in raising the temperature of the steam. The 
steam will then obey the laws of gases, and either its pressure or 
its volume will be increased, with the result that the law previously 
given will no longer hold good and the steam will be, as it is 
termed, superheated. 

These conditions do not hold in practice — water is continually 
being fed into the boiler, and consequently the steam has no 
chance of becoming superheated, but if, during its progress 
towards the engine, some method of heating is provided, super- 
heating may be effected. Under these circumstances, seeing that 
the steam is used as generated, the pressure will remain unaffected, 
but its volume will increase and superheating will have been 
carried out at constant pressure. 

The total heat of such steam will evidently be : — 

H* = total heat of dry saturated steam + superheat. 

The manner in which the value of the first portion of the right- 
hand side of the equation is calculated has already been explained, 
but as regards the heat required to superheat the steam some 
little difficulty arises. The heat required to raise the tempera- 
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ture of any gas at constant pressure is the continued product of 
the weight of the gas, its specific heat at constant pressure, and 
the number of degrees through which the temperature is raised. 
In ordinary cases of low superheat, Regnault's value is usually 
taken, namely, 0*48, and Professor Peabody gives an equation in 
his " Thermodynamics of the Steam Engine," in which the total 
heat of superheated steam = 

Hi = -4805 (T - 10-38 4 P) + 857*2, 
where T is the absolute temperature on the Fahrenheit scale and 
P is the absolute pressure in lbs. per square foot. But more 
recent work has shown that this value is far too small for the 
high values of superheat, such as are used in the automobile 
steam engine. Two series of experiments made, one by Professor 
Callender, and the other by Mr. C. E. Burgoon, of U.S.A., give 
results that are practically identical for high degrees of super- 
heat, and the values obtained range from '56 for 400° F. super- 
heat to '64 for 160° F. superheat, at 300 lbs. per square inch 
absolute. Their observations also show that the specific heat of 
superheated steam varies with both the pressure and the tempera- 
ture, increasing with a rise in pressure and decreasing with 
an increase in the degree of superheat. The results of the 
experiments made by Mr. C. E. Burgoon are recorded in a paper 
by Professor R. C. Carpenter, read before the American Society 
of Mechanical Engineers in December, 1909, on the " Steam 
Plant of a White Motor Car." Professor Carpenter gives the 
following equation for the specific heat of superheated steam : — 

S. H. = 0-462 + 0-001525 ab. press. 

The effect of using the higher values for the specific heat of 
steam for the superheats above quoted is to credit the super- 
heated steam with 82 B.T.U. per lb. for the 400° F. superheat 
and 24 B.T.U. per lb. for the 160° F. superheat, more than would 
be the case if the uniform specific heat of 0'48 be adopted. 

261. Cycle of Operations. — The cycle of operations in a steam 
engine is completed in two strokes of the piston — the out- 
stroke being the power stroke, and the in-stroke the exhaust stroke. 

The method of working is as follows : — On the power stroke of 
the engine, steam is admitted from the valve chest to one end of 
the cylinder through a port in the valve face driving the 
piston forward in the cylinder. This port remains open 
while the piston completes some portion of its travel, the full 
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pressure of steam being carried until this point is reached, after 
which the remaining portion of the stroke is completed by the 
expansion of the steam. Just before the end of the stroke is 
reached, however, a connection is made between the cylinder and 
the exhaust in order that the steam, which has now done its work, 
may escape to exhaust. This position varies from 85 to 92 per 
cent, of the stroke. The pressure within the cylinder then falls 
to that existing in the exhaust pipe, and the piston returns, 
pushing out the steam before it through the exhaust cavity. 
After from 80 to 90 per cent, of the exhaust stroke has been made, 
the connection to exhaust is closed and the steam remaining in 
the cylinder is compressed until from 95 to 99'5 per cent, of the 
stroke has been completed, when steam is again admitted to the 
cylinder from the valve chest and the cycle repeated. 

The mechanism by means of which communication is alter- 
nately made between the cylinder and steam or exhaust is termed 
the valve gear, for details of which the reader is referred to 
Arts. 278 and 279, although occasionally poppet valves are 
employed, similar to those used in petrol engines. This valve 
motion actuates a slide valve, of which the construction is shown 
in Fig. 195. In this figure the right-hand valve is about to admit 
steam to the bottom end of the cylinder, the upper end being in 
communication with the exhaust. The space in which the valves 
work is called either the steam chest or the valve chest, and it is 
to this space that the live steam is admitted before passing to the 
cylinder. The small darkened passage in about the middle of 
the length of the cylinder and beneath the valve is the exhaust 
cavity and is in connection with the exhaust pipe. 

The object of compressing some of the steam in the cylinder is, 
firstly, to assist in bringing the reciprocating parts quietly to 
rest ; and secondly, in order to prevent so great a loss of steam 
as would otherwise be the case, because of the presence of a 
clearance space at the end of the stroke. The amount of com- 
pression will depend upon the speed of the engine, as at high 
speeds of revolution the inertia of the reciprocating parts requires 
a much higher compression to bring them to rest than at lower 
speeds, if an equally quiet running engine is desired. Steam is 
admitted to the cylinder before the completion of the exhaust 
stroke, so that there may be the full pressure of steam at the 
commencement of the power stroke, as, on account of the small 
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opening to steam in the early stage of admission, a great deal of 
throttling or wire-drawing might otherwise result. 

Thus the following definitions are presented : — 

Admission is the point in the piston stroke at which the steam 
is admitted to the cylinder. 

Cut-off" occurs when the slide valve closes the steam port and 
prevents the further entry of steam to the cylinder. 

Release takes place when the steam within the cylinder is 
allowed to pass away to exhaust. 

Compression or Cushioning commences when the communica- 
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tion between the cylinder and the exhaust is closed on the 
exhaust stroke of the piston. 

These several positions are illustrated in Fig. 194, which 
represents an indicator diagram taken from a steam engine 
cylinder. 

262. Clearance is the volume of the space between the piston 
when at the end of its stroke and the face of the slide valve, and 
includes the volume between the piston and the cylinder cover 
and the volume of the steam port. For the highest economy it 
is essential that this volume should be reduced as much as 
possible, owing to the necessity of admitting sufficient steam to 
the cylinder to raise the pressure within it to the pressure of 
initial steam at the commencement of every power stroke before 
any work is done by the piston. 
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The ratio between the clearance volume and the stroke volume 
varies in different engines and with different types of valves, 
being least with poppet valves and greatest with piston valves. 
Expressed as a percentage of the stroke volume, the clearance 
ranges from as low as 7 per cent, up to as high as 25 per cent. 
Some clearance is, however, requisite with steam engines, to 
permit of a slight alteration in the relative positions of the piston 
and the cylinder due to wear of the bearings, and also to prevent 
water shock which might occur should condensed water be 
present in the cylinder in excessive quantities. 

263. The Ratio of Expansion. — The theoretical ratio of expan- 
sion is the relation which the stroke volume of the piston bears 
to the volume through which it passes up to the point of cut-off. 
Thus, if the cut-off occurs at 50 per cent, of the stroke, the steam 
is theoretically expanded to twice its original volume, and this 
is sufficiently accurate for many purposes. But the relation is 
incorrect, in that no account is taken of the volume of steam 
filling the clearance at the end of the cylinder, and which takes 
part in the expansion of the steam. 

Supposing the volume of the stroke volume = V = 10 cubic 
feet; volume of clearance = c = 1 cubic foot; volume of the 
stroke volume up to cut-off = V = 5 cubic feet. 

Then, neglecting clearance, 

V 10 

Ratio of expansion = ^ = -=■ = 2. 

Taking into account the clearance, 

t> 4.- * • V + c 10 + 1 1fl Q 

Ratio of expansion = ^—. — = „ ,' = r83. 

V + c 5 + 1 
So that the actual ratio of expansion is reduced from 2 to 1'83 
w r hen a clearance of 10 per cent, is present, and cut-off takes place 
at 50 per cent, of the stroke. That this reduction in the effective 
expansion will be detrimental to the efficiency of the engine is 
quite obvious, seeing that it is only during the expansion that 
advantage is taken of the heat energy contained in steam. 

264. Object of Superheating. — The benefits to be derived from 
superheating have long been recognised by engineers, but from 
various causes, notably those connected with lubrication of the 
working parts subject to the action of steam, it has not been 
possible to take full advantage of them. In recent years, 
however, much progress has been made, and now 200° F. 
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is by . no means uncommon, especially in steam automobile 
practice. 

The great and primary advantage accruing from the use of 
superheated steam is that due to the elimination of the loss from 
the initial condensation of the steam on entrance to the cylinder, 
and which may amount to as much as 25 per cent. 

The work done by the steam during the expansion portion of 
the stroke is performed at the expense of the heat energy of the 
working fluid — that is to say, the temperature of the steam will 
fall as expansion proceeds. The internal surface of the cylinder 
walls will, naturally, assume the temperature of the steam, and, 
consequently, at the end of the expansion stroke they will be 
considerably less than that of initial steam. Furthermore, the 
fall of pressure which takes place when the valve opens to exhaust 
will also be accompanied by a drop in temperature. Thus, at the 
end of the exhaust stroke, on entering the cylinder the steam will 
come in contact with the cold walls, and if not superheated to an 
extent sufficient to raise the temperature of the walls and the 
piston to at least that of dry saturated steam at the same pressure, 
condensation must result. 

This trouble is always present w 7 hen dry saturated steam is 
used, and is further aggravated by the fact that the re-evaporation 
of the condensed water during the exhaust stroke also tends to 
lower the temperature of the cylinder walls. There is another 
disadvantage of which notice must be taken. 

As soon as expansion of steam in the cylinder commences, the 
pressure begins to fall and the water present, having its pressure 
reduced, commences to evaporate, but the amount which is con- 
verted into steam is extremely small, by far the greater part 
being evaporated either at the end of the expansion, when it is of 
little service in doing useful work, or else during the exhaust 
stroke. The evaporation which takes place during the latter 
period not only, as previously mentioned, cools the walls of the 
cylinder, but increases the back pressure upon the piston, thus 
directly reducing the power of the engine. It is true that, should 
there be another cylinder to which the exhaust steam is taken 
and expanded, some power will be developed by the steam thus 
regenerated, but any gain there may be in this direction will be 
more than counterbalanced by its harmful effects in the first 
cylinder. 

A A 2 
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It is also clear that the weight of steam used will be increased 
when condensation takes place if the same position of cut-off is 
maintained, as an additional volume of steam will have to be 
admitted to take the place of the condensed water. 

It needs no further words, therefore, to emphasise the advisa- 
bility of employing highly superheated steam when a good 
economy is one of the most important factors, except to mention 
that as much as 9 per cent, has been gained by its employment, 
with a steam consumption of 13*3 lbs. per b.h.-p. hour. 

With regard to the degree of superheat used, this may vary 
considerably. Many designers only superheat sufficiently to 
prevent condensation taking place at admission, while others 
employ temperatures which enable even the exhaust steam to be 
superheated. Quoting from a paper read before the American 
Society of Mechanical Engineers in December, 1906, on the 
Steam Plant of a White Car, the temperature of the steam near 
the boiler averaged 783° F., the superheat of steam at boiler was 
near 800° F., that entering the steam chest about 840° F., and 
that exhausted about 28° F. It will be noted that the superheat 
at the steam chest was higher than that at the boiler — this is 
due to the reduction of pressure from 595 lbs. down to 808 lbs. 
per square inch. If steam at a high pressure is expanded down 
to a low pressure without doing work, heat will be liberated, due 
to the reduction of sensible heat, part of which will be absorbed 
in supplying the increased latent heat and part in giving the 
steam an increased superheat. 

265. The Use of a Condenser. — Generally speaking, a condenser 
is employed in automobiles in order to conserve the water supply, 
but another advantage attending its use might be mentioned. 

On reference to Fig. 194 it will be seen that the exhaust line 
lies above that representing the atmospheric pressure. This 
indicates that the pressure in the cylinder during exhaust is 
above that of the atmosphere by an amount which is sufficient 
to overcome the resistance of orifices, pipes, bends, etc. If, how- 
ever, a condenser is used in conjunction with the steam plant, 
the back pressure line may be made to fall below the atmospheric 
line, and as the mean height of the diagram represents to some 
scale the mean effective pressure in the cylinder, the pow T er from 
the engine may be increased by a corresponding amount. It is 
this duty which the condenser performs. The steam as it issues 
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from the exhaust passes into the condenser and is cooled down 
below its boiling point, with the result that its volume is decreased 
considerably and will therefore exert little pressure on the back 
of the piston. The condensed water is then removed by a pump. 

266. Compound Engines. — The greatest benefit to be obtained 
by the use of a condenser is experienced in compound engines, 
that is in engines in which the steam expansion is not carried 
out in one cylinder but in two or more cylinders. By its use the 
effective range of pressures and temperatures is increased. 

It is found in practice that it is undesirable to carry out high 
rates of expansion of steam in any one cylinder, as then the heat 
drop becomes excessive, and this, as has already been pointed out, 
causes condensation in the cylinder. With the high pressures 
now used, if the full advantages are to be derived by their 
employment, it is absolutely essential that the expansion of steam 
should be completed in a second cylinder. Thus, in automobile 
practice two cylinders are used, the exhaust steam from the first 
cylinder becoming the primary steam for the second, and as the 
volume of steam admitted to the high-pressure cylinder has been 
increased during expansion, the volume of the low-pressure 
cylinder is increased in a similar manner, the ratio of the cylinder 
volumes being generally about 1 to 2. 

The actual ratio of expansion of the steam in compound 
engines is then found by dividing the volume of the L.-P 
cylinder (stroke volume + clearance volume) by the volume of 
the H.-P. cylinder up to the point of cut-off, as the steam admitted 
to the H.-P. cylinder is expanded down to the total volume of the 
L.-P. cylinder. 

267. Peed Heaters. — In conclusion, there is one other fitting 
which is sometimes embodied in steam plants for automobiles, 
namely, the feed heater or recuperator. 

In order to convert water into steam, heat must be employed 
to raise the temperature of the water, and to supply the latent 
heat of evaporation. The feed heater is employed to supply some 
of the heat required for raising the temperature of the water and 
thus effect a saving in the heat necessary to be supplied by the 
burners. To do this the feed water, instead of being pumped 
direct to the generator, is passed through a pipe, around which 
the exhaust from the engine is directed, and some of the heat 
contained in the exhaust steam is abstracted therefrom. 
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Thus, if the temperature of the feed water in the water tank 
is, say, 70° F., and its temperature on passing the heater is 
raised to 200° F., 180 B.T.U. will have been obtained from 
the steam per lb. of feed water, which would otherwise have 
been lost either in the condenser or in the atmosphere. It is 
stated that the gain effected by the use of a feed heater often 
amounts to as much as 10 per cent. 

It will be observed that the action of this fitting assists the 
condenser by reason of its cooling effect upon the steam. 

Questions on Chapter XXI. 

(1) What are " dry steam," " superheated steam," and a Centigrade 
heat unit ? 

(2) What is the effect of clearance upon the consumption of steam 
in an engine ? 

(3) How many units of heat would be required to convert water 
at 60° F. into steam at 400° F. ? If the steam is superheated by 
raising its temperature to 500° F., how many additional units of heat 
would be required ? Assume a specific heat of 0*5. (Answers = 1174 
and 1224.) 

(4) What is the object of compounding, and in what way is a gain 
in economy effected ? 

(5) Describe the cycle of operations in a double-acting steam 
engine. 

(6) Explain the uses of condensers and feed heaters. 



CHAPTER XXII 

STEAM ENGINES AND CONDENSERS. 

268. The steam engine is operated by the pressure of steam 
upon a piston which reciprocates within a cylinder and trans- 
mits the force, through the medium of a piston rod and connecting 
rod, to the crankshaft. Unlike the petrol engine, a gearbox and 
clutch are unnecessary, although occasionally the former is fitted ; 
for, as regards the gearbox, the torque may be a maximum at 
any speed, and as to the clutch, the engine can be either 
started or reversed by the occupant of the car from the driver's 
seat. Thus it is clear that, so far as the control of the engine is 
concerned, it is much simpler than that of the petrol engine. 

269. Single-acting and Doable-acting Engines. — The engines 
fitted to steam cars may be divided into classes, according as they 
are single-acting or double-acting. 

A single-acting engine is one in which the power stroke of the 
piston is carried out only on the out-stroke in any one cylinder, 
while a double-acting engine is one in which both the in-stroke 
and the out-stroke are power strokes. The advantage attaching 
to the use of the latter class of engine will be readily obvious, as 
if every stroke is a power stroke the engine can be made of 
smaller dimensions and thus be much lighter for any given 
power. But although there is a gain in this direction, there is 
another factor to be considered, namely, the glands which 
thereby become necessary in order to make a steam-tight joint 
on the under side of the piston and around the piston rod. One 
of the problems associated with the adoption of double-acting 
internal-combustion engines is this question of a satisfactory 
gland, and it is only within recent years that some measure of 
efficiency has been arrived at in steam engine practice when 
highly superheated steam is used. 

The difficulty arises, principally, from the impossibility of 
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maintaining a lubricant between the gland and the rod, owing 
to the decomposing action of the superheated steam upon 
oils. The gland must press hard against the rod in order to 
prevent the egress of steam from within the cylinder, and it is 
therefore evident that, unless some means are employed to 
efficiently lubricate the parts, overheating of the rod will 
occur. There is also some complication of the problem due to 
the difficulty of satisfactorily fitting the gland packing round so 
small a diameter rod. 

These factors have induced some makers to prefer the single- 
acting engine, where glands are unnecessary, even though a 
heavier engine must be produced. However, the experience 
gained by manufacturers in the past has enabled them to produce 
gland packings which do not now suffer greatly from the dis- 
abilities to which they were formerly subject. 

270. The Cylinder. — The cylinder is a cylindrical chamber in 
which the piston moves, having passages leading therefrom at 
both ends to a valve face. In the valve face are cut three ports, 
the two extreme communicating with the ends of the cylinder, 
while the middle and longest port is in direct connection with the 
exhaust. Upon this valve face a slide valve moves, opening and 
closing the two end ports to steam or exhaust as required ; while 
the two surfaces are maintained in contact by the pressure of steam 
upon the back of the valve. This pressure, although necessary 
in order to prevent the leakage of live steam direct to exhaust 
without going through the cylinder, is somewhat detrimental to 
efficient working when high pressures or large valves are 
employed, on account of the magnitude of the force which then 
is required to operate the valve. The valve referred to here is 
that known as the flat or D valve, so named because its sectional 
construction resembles the letter D (see Fig. 195). Frequently, 
however, another form is employed, the piston valve, which does 
not suffer from the defect referred to, albeit it is accompanied by 
certain other disadvantages which are considered in Art. 276. 

271. The Operation of the Valve. — In Art. 261 the effects pro- 
duced by the opening and closing of the ports in the valve face 
have been generally described, and it will therefore only be 
necessary to examine how the distribution of the steam is effected 
by the slide valve. 

Assuming that the valve is in the middle of its travel, the 
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steam ports will he always covered on the outside or steam Bide, 
and usually on the inside or exhaust side also. On the down- 
stroke of the valve, its upper edge uncoverB the top steam port in 
the valve face and admits steam to the cylinder, the opening 
continuing to increase until the valve reaches its lowest position. 
The amount by which the port is then open to steam is termed 



the miximttm opening iif the rrtre, and this will always be less 
than the full port width, because the total area of the steam ports 
is determined by the area required for exhaust. On the up-stroke 
of the valve the port opening gradually decreases, until at length 
cut-off is effected by closing the port to steam, the steam admitted 
to the cylinder expanding until release to exhaust takes place by 
the uncovering of the lower edge of the upper port, on the under 
side of the valve. The valve then riBes to its highest position, 
when the full opening to exhaust occurs, descends again and 
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closes to exhaust, and finally opens again at that end of the 
cylinder to steam. 

While these operations have been taking place at the upper 
end of the cylinder a similar set has been in progress at the 
lower end, so that the complete cycle may, starting from the mid- 
travel of the valve, be summarised thus : — 

Eelease at bottom end. 
. Admission at top end. 

Maximum opening to steam at top end and to exhaust at bottom end. 
Cut-off at top end. 
Compression at bottom end. 
Eelease 'at top end. 
Admission at bottom end. 

Maximum opening to steam at bottom end and to exhaust at top end. 
Cut-off at bottom end. 
Compression at top end. 

The reader would be well advised to draw T a section through the 
valve and the ports upon two pieces of cardboard, when the 
actions which occur will be clearly seen by moving that piece 
upon which the section through the valve is drawn beside the 
section through the ports. 

272. Lap and Lead. — In Art. 271 it was stated that when the 
valve is in the middle of its travel the steam ports will always 
be covered on the steam side, and usually on the exhaust side 
also. The amount by which the valve overlaps the ports on the 
steam side is termed the steam lap, while the amount by which 
the valve overlaps the port on the exhaust side is termed the 
exhaust lap, but when applied to the ordinary flat valve the 
terms outside and inside lap are often given to these amounts, 
and the steam and the exhaust are respectively on the outside 
and inside the valve. 

In some cases, however, the valve does not cover the steam 
port on the exhaust side, and then the valve is said to have 
negative exhaust lap. The object of negative exhaust lap is 
to permit the port to remain open to exhaust for a longer 
period. 

The use of the steam lap is to allow r high rates of expansion to 
be employed. 

It will have been observed in Art. 271 that the valve moves 
downward from its mid position by an amount equal to the 
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steam lap plus the maximum opening of the valve and by a 
similar amount on its upward movement. Thus : — 

Travel of Valve = 2 (Lap X Port opening). 

The lead of a valve is required in order that steam may be 
admitted to the cylinder before the piston reaches the commence- 
ment of the power stroke for that end of the cylinder, and is 
measured by the amount by which the valve is open to steam 
when the piston is in its extreme position. 

278. Steam Inside and Outside the Valve — So far the descrip- 
tion given has been applied to flat valves, where the steam is 
outside the valve, but this is not always the case, as very 
frequently when piston valves are employed ,the steam is 
admitted to the middle of the valve and the exhaust takes place 
from the ends of the valve. There is no difference in the distri- 
bution of steam, however, excepting that all the operations 
effected upon the down-stroke of the flat valve now take place on 
the up-stroke, while those on the up-stroke are carried out on 
the down-stroke. 

274. Piston Valves. — The construction of piston valves is 
shown in Fig. 196, from which they will be seen to consist of 
two pistons separated by a distant piece. These pistons work in 
an annular space embodied in the cylinder casting, the surface 
of which corresponds with the valve face of the flat valve. The 
steam ports now are cut in the circumference of this valve chamber 
and lead, as has been previously explained, while the exhaust 
port is either dispensed with entirely or placed in the space 
between the steam ports — the former being the case when steam 
is taken inside the valve, while the latter is adopted when steam 
is outside the valve, that is, when the steam is admitted at 
the ends of the valve. When steam is taken inside the 
valve, the exhaust is effected at the ends of the valve, so 
the two ends must be placed in communication one with 
the other. This is done in two ways, either by making the 
piston valve hollow and permitting the exhaust from one end 
to pass through the body of the valve, or else by casting 
a separate passage with the cylinder, connecting up the two 
ends of the valve chamber ; with the small piston valves 
employed in automobile steam engines the last-named system 
is usually adopted. 

To prevent leakage from the steam side of the valve to exhaust 



364 MOTOR CAR ENGINEERING 

packing rings are provided ; in some cases a single ring only is 
fitted. In Fig. 196 the H.P. valve has a single ring, while the 
L.P. valve has three rings at each end of the valve. 

275. Poppet Valves. — Another form of valve employed in 
operating steam engines is similar to that used in petrol engines, 
namely, the poppet valve. In this type it will be obvious that 
two valves must be used, one for steam and one for exhaust — 
the steam valve opening outwards from the cylinder, and the 
exhaust valve into the cylinder, as in the petrol engine. Steam 
is led to the steam space above the inlet valve, admitted to the 
cylinder on the opening of the valve, and exhausted through the 
exhaust valve. The distribution of steam differs in no way from 
that used in the steam engines having ordinary types of valves. 

The valves are operated by camshafts, driven at the same speed 
as the crankshaft, the construction of wbich is somewhat different 
from the ordinary camshaft in that, since it must reverse the 
action of the valves when it is desired to reverse the engine, the 
cams are fashioned in a special manner. There are two cams 
for each inlet valve and each exhaust valve, while the shape of 
the shaft in between is such that there is a gradual slope from 
both to a neutral position ; thus, if the engine is running on the 
forward cams, the lift of the valves may be varied from the full 
amount down to nothing, while reverse is effected by sliding the 
camshaft still further endwise, bringing into action the reverse 
cams. The exhaust valve, even in the neutral position of the 
camshaft, has a small amount of lift which prevents the forma- 
tion of a vacuum in the cylinders when steam has been shut off. 
This description applies more particularly to the Turner Steam 
Car. 

276. Comparison of Hat, Piston, and Poppet Valves. — The 
three kinds of valves may best be compared by a summary of 
their respective advantages and disadvantages. 

Adrantag€8 of Flat or I) Valve. — (1) Wear between the surfaces is auto- 
matically taken up, because the pressure on the back of the valve keeps the 
valve and the valve face always in contact. 

(2) Leakage of steam is a minimum. 

(3) In the event of condensation taking place in the cylinder, and the 
water resulting therefrom being sufficient to cause shock, the valves will l>e 
forced off the valve face, and thus automatically prevent excessive water 
shock. 

Disadvantage of the Flat Valve.— Power required to move the valve is 
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always great, because the force transmitted through the valve spindle from 
the engine to operate the valve must be sufficient to overcome the friction 
between the surfaces in contact. 

Advantages of Piston Valve. -(1) The valve is balanced against the pressure 
of steam, and thus the effort to move the valve is small. 

(2) When steam is admitted to the inside of the valve the pressure on the 
glands Ls much reduced, being only that of the exhaust. 

(3) Sufficient length of port is obtainable in the circumference as to 
necessitate only a small maximum opening, with the result that the travel 
is much reduced. 

Disadvantage of the PUton Valve. — Notwithstanding all that has been done 
to improve the construction of this valve, there must always be some leakage 
of live steam past the rings to the exhaust. 

Advantages of the Poppet Valve. — (1) Valves permit of the leakage of the 
minimum amount of steam. 

(2) Valves are very accessible for examination or repair. 

Disadvantages of the Pop\tet Valve. — (1) On account of the high speed of 
rotation of the camshaft the cams have either to be made of such a form 
that their action is noisy, or else there must be a restriction of the effective 
area in oj>ening and closing. 

(2) The pressure of steam within the cylinder is exerted upon the valve 
stems of the steam valves, with consequent leakage unless they are a 
good fit. 

There is also another basis of comparison, namely, that of 
clearance volume, which, as has heen pointed out, it is desirable 
to reduce to the greatest possible extent. In an engine fitted 
with either piston or flat valves, on account of the distance 
between the valve face and the openings into the cylinder, some 
clearance is bound to be present, beyond that between the head 
of the cylinder and the piston. This is a maximum in the piston 
valve engine, amounting in some cases to as much as 25 per cent. 
The clearance in a poppet valve engine may be reduced to 
extremely small proportions. 

277. Valve Gears. — A valve gear may be defined as the 
mechanism driven by the engine itself which operates the valve 
and causes it to regulate the supply of steam to the cylinder. 

The simplest form would be of the type which permits of one 
direction of rotation, but as it is often necessary to reverse the 
car, and, in addition, to vary the power of the engine, it is clear 
that some other type must be used. Those met with in auto- 
mobile practice are two in number — the Stephenson Link Motion 
and the Joy's Valve Gear — and they will now be described. 

278. Stephenson's Link Motion. — This gear is one of the oldest 
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forms of valve gear, and is shown in Fig. 199, from which it 
may be seen that the valve rod is connected to a block that slides 
in a slotted link, to the extreme ends of which rods are attached. 

These rods are actuated by two eccentrics secured to the crank- 
shaft, each eccentric driving one end of the link, and so placed 
relative to the crank that one is in the correct position for one 
direction of rotation, and the other for the opposite direction. 
The rule for determining the direction of rotation is that, with 
steam outside the valve, the eccentric always leads the crank, and 
the angle between the crank and the eccentric minus 90 degrees is 
called the angle of advance. To regulate the position of the link 
block in the slotted link, the latter is coupled up to a lever which 
is operated by a shaft, called the " weighshaft," or reversing 
shaft, working in bearings attached to the engine column. 

When the link is pulled over so that one eccentric rod is in 
line with the link block, the motion of the valve is derived from 
that eccentric, and the other eccentric merely sways the link ; 
whereas if the block is in any other position in the link, the valve 
rod has a motion due to the combined action of the two 
eccentrics. It is therefore clear that if the eccentrics have been 
keyed to the shaft in the correct positions, by placing the link 
over in any one direction, the valve will be operated in a 
particular manner, and the engine caused to rotate in the 
direction for which the actuating eccentric is designed to act. 
By altering the position of the link any desired cut-off may be 
obtained. 

279. Joy's Valve Gear. — With this valve gear the lead is 
constant for any position of " linking up." It is shown in 
Fig. 196. The valve rod is attached to a lever having a pivot in a 
block, which slides in a radial link pivoting about some fixed 
portion of the engine framing, and which may be secured in any 
position ; the pivot is shown at G. The other end of the lever is 
attached to another lever, which receives its motion from some 
point in the length of the connecting rod and which is connected 
to a swinging link that rotates about a shaft. In the figure a 
bell crank lever is shown, the part D of which is used in the 
White Engine to operate the pumps. 

By increasing the angle which the link pivoted at G makes 
with the horizontal, the travel of the valve is increased, and the 
times at which the events take place in the cycle are made later. 
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The reversal of the engine is effected by tilting the radial link so 
that the end which was formerly directed upwards is now directed 
downwards. 

The advantages attaching to the use of this valve gear from a 
constructive point of view are, firstly, that the engine is greatly 
shortened, and, secondly, that wear has not such a marked 



Fio. 197.— Hear View of White Engine showing Eccentric which 
drives Pumps. 

effect upon the action of the valves, as any slackness there may- 
be &t the pin points, except those directly connected to the valve 
rod, has the magnitude of its effect reduced by reason of the 
levers through which the motion passes. 

280. The White Engine.— The White Car has a two-cylinder 
double-acting compound vertical engine which is placed under- 
neath the bonnet in front of the car. It is made in two sizes — 
15 and 40 h.-p.— the larger having cylinders 8 ins. and 5 ins. 
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diameter, with 4J-in. stroke, while the smaller engine has 
cylinders of 2J ina. and 4J ins. diameter, and S-in. stroke. The 
engine is supported upon two cross-members of the frame, so 
that the drive is practically horizontal. 

Tbe rear view of the engine is illustrated in Fig. 197, the eccentric for 
driving the pumps being clearly shown, as well as the lever for operating the 
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Joy's Valve Gear, with which the engine is fitted. The pumps are aoen in 
thfl casing to the left-hand side, and are totally enclosed. It will be 
observed that piston-rod glands are provided for the crankcase as well as for 
the cylinder in order to exclude dust. Relief cocks are also fitted to 
discharge the condensed water, which is produced in warming up the 
engine at starting. 

M.C.E. B B 
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The crankshaft, connecting-rods, etc., are shown in Fig. 198, from which 
it may be seen that all bearings are ball-bearing excepting the cross-heads, 
the crankshaft being a nickel-chrome steel forging, having the cranks set at 
right angles. The balance-weight W is provided and is fitted between the 
cranks, thereby producing a well-balanced even-running engine. Fig. 196 
shows the arrangement of the gear. It will be noticed that the pistons have 
each two rings scarfed together at the joint (H. P. piston), and that the guides 
for the valve rod and the piston rod are in the form of trunks, somewhat 
after the fashion of the ordinary petrol engine. 

The steam is admitted to the middle of the valve, so as to 
reduce the pressure on the glands as before mentioned. 

281. The Stanley Engine. — This engine has two cylinders fitted 
with D valves, and Stephenson's Link Motion — those of the 
10 h.-p. being each 8 J ins. diameter and 4 J ins. stroke, and those 
of the 20 h.-p. 4 ins. diameter and 5 ins. stroke. 

The engine frame consists of two pairs of steel rods fixed into the cylinder 
casting at the head end (see Fig. 1 99) and extended at the other slightly 
beyond the back axle sleeve, upon a turned boss at which they are hung at 
each sido of the differential by a pair of bronze straps with adjustable nuts. 
These nuts are so adjusted that the spur wheel on the crankshaft is correctly 
meshed with the differential ring, and whilst tight enough to prevent any 
play and consequent variation of the mesh- -they are easy enough to turn 
slightly round the axle sleeve. The cylinder end being suspended from the 
car frame by flexible steel straps, that end of the engine is able to iise or fall 
with the movement of the body when travelling, the axle end being pivoted 
on the axle sleeve. In this way the motion of the engine in no way alters 
the correct relation of the spur wheel to the differential, but merely slightly 
varies the angle of the engine from the horizontal. 

The engine is ball-bearing throughout, including the cross-heads. An 
aluminium partition is built across the engine frame, near the end of the 
weigh-shaft (see Fig. 199), and the space between the partition to the rear 
axle is encased in an oil-tight casing, fitted with inspection doors, so that 
the engine virtually runs in an oil-bath and no dust can gain access to the 
bearings. 

The drive to the road wheel is taken directly from a spur wheel 
on to the centre of the crankshaft to the teeth of the differential 
ring upon the back axle, the gearing being 40 on the crankshaft 
to 56 on the axle, and thus cardan shafts, etc., are dispensed 
with. 

282. The Turner Engine. — A sectional view T of this engine, 
which is of the three-cylinder, single-acting, horizontal type, is 
shown in Fig. 200. The cylinders are each ljg in. diameter, 
and have a stroke of the same amount. The trunk pistons 



STEAM ENGINES AND CONDENSERS 871 

shown are connected to the crankshaft which has cranks Bet at 
120 degrees with each other and is of forged steel. At one end of the 



Flo. 1!>9.- Stanley Engine. 

shaft is seen the air pump Dl, while at the other a hrake 
drum X is fitted. 

In the illustration given, which is for a chain-driven model, a gear wheel 
on the crankshaft is in a mesh with a spur wheel on the differential casing 

B B 2 
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and reduces the revolutions to one-half of the engine speed. The eccentric 
in the cross-shaft drives the feed water pump F. The spur wheel on B2 
drives the camshaft through B5. 

288. Condensers. — As has been already explained in Art. 265, 
the function of the condenser is to condense the exhaust steam 
from the engine, and thus conserve the water supply. One of 
the objections which has teen raised to the steam car is that 
stoppages have to be made for water, but where a condenser is 
fitted this argument is without any foundation in fact, as a run 
of 150 miles may be made without need for any replenishment 
of the water tanks. 

On account of the low conductivity and specific heat of air, it 
is very difficult to induce a sufficient quantity to pass through 
the condenser to produce a sensible vacuum and reduce the back 
pressure on the piston, but the efficiency of the fitting has teen 
greatly increased in late years, and better results are now more 
common, although the pressure seldom falls below atmospheric. 
This is partly attributable to the presence of air in solution 
in the feed water, which passes through the engine into the 
condenser, and is not easy to remove except by fitting an 
air pump of larger capacity than it is found convenient to 
employ. 

The condenser consists of about 150 feet of gilled copper tubing 
arranged either vertically or in a continuous length, the White 
Company preferring the former, while the Turner-Miesse favours 
the latter construction. 

The exhaust steam is admitted to the top, and is cooled as it 
passes through the tubes, the condensed water falling to the 
bottom by gravity, from which it is pumped back to the water 
tank. 

An air valve is often fitted, so that in the event of any sensible 
pressure being produced in the condenser, this valve will lift and 
literate the exhaust steam into the atmosphere. 

Questions on Chapter XXII. 

(1) What is the difference between a single and a double-acting 
engine ? 

(2) Describe with the aid of sketches the Joy's Valve Gear and 
point out its advantages. 
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(3) What are the relative advantages or disadvantages of piston 
fiat and poppet valves in steam engines ? 

(4) Describe some form of steam engine. 

(5) What is the object of fitting the condenser, and how does it 
effect its purpose ? 

(6) Explain the operation of the slide valve. 

(7) Define the lap and the lead of a valve. If a valve has £-in. lap 
and a maximum opening of {J-in., what is its travel ? (Answer— 2 J -in.) 

(8) Make a sketch showing an eccentric in position on the crank- 
shaft giving it an angle of advance of 30 degrees. 

(9) Draw a section through the valve chest of a piston valve 
engine. 

(10) What is the difference between the operation of a valve with 
steam on the inside and another with steam on the outside ? 



CHAPTER XXIII 

STEAM GENERATORS AND PIPE DIAGRAMS 

284. For several reasons] the generators employed in auto- 
mobile work require to be of totally different construction and 
design from those used in any other class of work. 

The first essential — lightness — follows from the fact that it has 
to be carried upon the car, while the varied nature of the road 
surface, combined with the great changes made in the speeds at 
which road vehicles travel, necessitate a design that will readily 
accommodate itself to I he steam requirements of the engine, which 
may range between very wide limits in an extremely short space 
of time. Further, the drivers of these vehicles have seldom had 
a large experience of steam generator work, so the necessity for a 
safe and easily controlled plant becomes readily obvious. In 
order, too, that the steam car may compete on somewhat equal 
terms with the petrol-engined car, it is requisite that there should 
be little trouble in raising steam quickly. These factors, then, 
represent the most important requirements that the generator 
should fulfil, and, judging from the success attained upon the 
road by this form of propulsion, it is apparent that the difficulties 
attending their accomplishment have been largely surmounted. 

285. The Tubular Boiler. — The only type of boiler which 
satisfies these conditions is the tubular form, and this is found 
in two forms — the fire tube and the water tube. In the fire-tube 
generator the products of combustion pass through tubes which 
are surrounded by water, while in the water- tube boiler the 
water passes through the tubes and the hot gases around the 
outside. Of the two, the latter is to be preferred, because of its 
light weight and ready response to the demands of the engine, 
which is largely owing to the smaller quantity of water in the 
boiler. This statement must not, however, be taken to indicate 
more than the general view of the case, as in some boilers, the 
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Stanley for example, no difficulty is experienced under these 
heads. 

With regard to the disposition of the tubes, they may be placed 
in any position, either horizontal, vertical, inclined or in the 
form of a spiral, examples being found in actual practice of each 
arrangement. The necessity which is met with both in marine 
and in stationary engineering for complete circulation of the 
water is here generally absent, on account of the short period 
during which it remains in the boiler before conversion into 
steam ; and in this connection it would be well to correct the 
erroneous impression that danger exists in the steam generator, 
especially in one worked at high pressures. On account of the 
very small quantity present in the generator at any time (in the 
White 40 h.-p. boiler the total capacity is less than one-third of a 
cubic foot — about two gallons), even if a burst or a split tube 
should occur, the escape of steam and water would have but little 
harmful effect. An eminent engineer once stated that he would 
be prepared to sit on top of an automobile flash boiler while it was 
being forced to the greatest extent, so little did he consider the 
risk to be. The loss of life attending boiler explosions is largely 
due to the liberation of water at a temperature exceeding that of 
its boiling point at atmospheric pressure, and the spontaneous 
generation of large volumes of steam in a more or less confined 
space. 

286. Flash Boilers. — Another class of generators used exten- 
sively in automobile work, and which may be said to belong to 
the water-tube section, is known as the flash boiler. In these 
boilers the water is suddenly converted into steam by contact 
with very hot metallic surfaces, and in the operation of this type 
the temperature of those surfaces is considerably above that of 
the steam which is generated. Its earliest form was that in 
which water was pumped into a closed vessel on to a very hot 
plate, the contact of the water with the plate causing the instan- 
taneous production of steam. The system was extremely simple, 
but was accompanied by trouble with the control of water dis- 
charged, and has long been replaced by more satisfactory 
methods. 

The true flash boiler is a type which lends itself admirably to 
quick changes in the rate of steam propagation and control, and 
as such is deservedly popular. 
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287. The White Boiler. — The generator on the White Car is 
located near the centre of the chassis, and its construction is 
shown in Fig. 201 : — 

It is enveloped by an asbestos insulating covering which in turn is sur- 
rounded by an annular flue, through which pass the products of combustion 
from the burner. 

The boiler consists of nine horizontal coils of ^-in. tubing of about 
{ in. external diameter placed one above the other and connected in 
series, so that if unwound and straightened out it would seem to be made of 
one long length of tubing. The seven upper coils are wound spirally, and 
the two lower coils in gridiron fashion, the 40 h.-p. boiler containing about 
240 feet of tubing. 

In principle it differs greatly from all other types of boilers, the con- 
nections between the coils being all made at the top and so arranged that 
the water or steam from one coil to the next below must be forced up to a 
level above the top coil, and then pass down again. By this construction 
water is prevented from running from one coil to another by gravity, and 
the circulation through the generator is thus dependent upon the action of 
the pumps which supply the boiler with water. The general direction of the 
steam and water through the generator is that of the products of combustion, 
with the result that the cold water enters the boiler where the temperature 
is lowest, coming into contact with the cooler gases, and has its temperature 
raised as it passes through the coils, thereby contributing greatly to the 
efficiency of the heat conversion. 

Strictly speaking, this boiler is not a flash boiler, as the upper coils always 
contain a certain amount of water, and it is doubtful if the coils have a very 
much higher temperature than that of the steam passing through them. It 
has been termed the "continuous flow" boiler, and this name perhaps 
applies most suitably to it. 

It will be noted that the joints in the tubing are placed where they are not 
subjected to much heat. 

The diagram showing the circulation of water through the generator is 
given in Fig. 202. In operation, water is pumped through the inlet at the 
top in the central portion of the uppermost coil, through which it circulates, 
coming out in the external circumference of the coil. From thence it rises 
above the level of the upper coil, is led to the centre of the generator, down 
to the next coil, and so on through all the coils. At some point in the 
length of the tubing the water is converted into steam, which, passing on, 
receives some degree of superheat and leaves the boiler as superheated 
steam. The upper coils thus serve in some measure the purpose of a feed 
water heater, and the lower coils of a superheater. 

From the construction of the boiler it will be obvious that no 
water gauge is necessary, and the makers state that no trouble 
is experienced from the presence of impurities in the water 
supply such as oil, lime, chalk, or dirt, owing to the high 
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velocity of the steam being sufficient to carry them through in 
suspension. 

288. The White Burner is shown in Fig. 201, beneath the 
boiler. 

It consists of a cast-iron grate G, having a series* of rings raised upon its 
upper surface, which are saw -cut through, so as to allow the gas which 
enters through the induction tube J to issue from the interior. The under 
portion of the burner is of sheet metal, to which the induction tube J is 
riveted. Across the orifice V, through which the air necessary for combus- 
tion enters, is an iris diaphragm, controlling the quantity of air admitted, 
and the nozzle W passes through the centre of this diaphragm (it is shown 
some distance away in the figure). The air entering the burner is directed 
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Fig. 202. — Circulation in AVhite Boiler. 



t*ngenfially and thus given a swirling motion, which produces a very 
intimate mixture of air and petrol. 

The pilot lamp is situated to one side, so as to be readily acc< ssible, and is 
enclosed in a casing L. At the bottom of this casing is a shallow ring 
trough into which a little petrol is admitted for heating the pilot vaporiser 
when starting up. On the side of the caj-ing is a small door, through which 
a match for igniting the petrol is dropped. The main vaporiser II is 
situated across the pilot burner, so that when the burner is started it heats 
up the main vaporiser. The pilot lamp also servos the Purpose of lighting 
the main burner when the petrol vapour is admitted to the vaporiser. 

The vaporiser is a steel forging, having a number of holes drilled through 
it, along which the petrol passes on its way to the burner. 

289. The White Water System.— On the White steam car the 
water is pumped from the tank by the pumps P (see Fig. 203) 
into a common main, from which a lead is taken off to the water 
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regulator W. The main lead divides into two paths, one of 
which goes to the flowinotor 1) and the other to the thermostat H 
(A in Fig. 201). The water sent through the thermostat is 
returned to the flowmotor, and joining with the water which is 
passing through the flowmotor is led to the feed heater A, and 
from thence to the boiler. 

The thermostat is a copper rod, one end of which is fixed and the other 
presses against the bell crank lever (see Fig. 201). When the temperature 
of the steam reaches the limit for which the instrument is set, it raises the 
valve within the casting at B and permits the passage of water from the 
main lead to the flowinotor. 

The flowmotor is in two parts — D is a cylindrical casting having three 
branches, one from the pumps, one from the thermostat, and one for the 
delivery to the boiler. Within the casting is a spring-loaded loose-fitting 
plunger attached to a rod, which actuates the fuel valve in E. The delivery 
orifice is below this piston, so the water which enters from the main has 
to pass through the space between the piston and the wall of the chaml>er. 
As the flowmotor piston moves inwards or outwards, it opens or closes the 
fuel valve, and thus proportions the supply of fuel to the burner in accord- 
ance with the quantity of water passing. 

The water regulator has a steam connection at one end which allows the 
pressure of steam generated in the boiler to act upon a spring- loaded piston. 
When the pressure reaches a predetermined amount (about o50 lbs. per 
square inch), tho piston is moved sufficiently to actuate a lever and open a 
valve, which permits the water to be returned direct to the tank without 
entering any of the automatic devices. 

290. The White Steam System. — The steam generated leaves 
the boiler at F, enters the thermostat casing at C (Fig. 201), and 
passes out at E to the engine. After doing work in the H.P. 
cylinder, it enters the L.P. cylinder, then passes to the feed 
heater A, where it raises the temperature of the feed water, and 
is finally taken to the condenser at Q. A pump C (Fig. 203) 
draws the condenssd water from the bottom of the condenser at 
R and returns it to the water tank. 

291. The White Fuel System. — An air pump B (Fig. 203) 
maintains the air pressure in the fuel tank through the connec- 
tion at N. The fuel leaves the tank at M and is forced to the 
fuel valve E (controlled by the flowmotor), and from thence by 
the main vaporiser to the main burner at G. A pipe is taken 
off this lead to supply the pilot burner F through the pilot 
vaporiser K. 

The connections at the burners are clearly shown in Fig. 201. 
The supply from the flowmotor comes through the pipe Q, where 
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it branches at R to the main vaporiser H and the nozzle W, and 
at S to the pilot fuel filter K, the pilot stop valve N, and the 
pilot burner at L. 

292. The White Control. — This control is effected on both the 
supply of fuel to the burners and of water to the boiler. The 
water regulator is operated, as has been already stated, by the 
pressure of steam, which, when it reaches about 550 lbs. per square 
inch, causes the water to be returned to the supply tank. But 
the diminution of the supply of water to the boiler would result 
in an increase in the temperature of the steam, so the thermostat 




Fig. 203. — Diagram of Piping for White Stoam Car. 

is fitted, and the manner in which it operates will now be described. 
The flowmotor is for the purpose of proportioning the fuel dis- 
charge to the burners to the water delivered to the boiler. Now 
the water may reach the boiler in two ways — either through the 
flowmotor or through the thermostat and the flowmotor. When 
it passes through the flowmotor it depresses the piston and causes 
an increase of heat at the burners ; but when it goes through the 
thermostat and the flowmotor, the water passing decreases the 
supply of fuel, because it enters and leaves on the under side of 
the piston and decreases the quantity of water which enters from 
the flowmotor alone. Thus, when the heat liberated at the 
burner is excessive, the thermostat raises the water valve and 
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allows water to be admitted to the boiler direct, thereby reducing 
the supply of fuel. 

The combined effect of these automatic devices is that the 
quality and pressure of the steam remain virtually constant 
under all running conditions, because the supply of water and 
fuel is only such as the conditions which exist at the time render 
necessary. 

293. The Stanley Fire-tube Boiler. — This boiler is built up in two parts, 
the vertical shell and bottom plate forming one piece and the top plate the 
other. The latter plate is secured to the shell by welding, and in order 
to strengthen and support the joint an electrically welded steel ring is 
shrunk on the outside after the plate is in position. A similar ring is 
shrunk on the bottom, and it will be seen that by this construction riveted 
joints are entirely dispensed with. After this is done, piano wire under 
tension is bound round the shell between the rings, to a depth of about \ in., 
the object of so doing being to reduce the stress in the shell when work- 
ing, and thereby produce a part that will withstand a greater pressure 
without bursting. The manner in which this is effected is due to the fact 
that as the wire is wound it induces a compressive stress in the shell and 
a tensile stress in itself. When steam is raised in the boiler, the internal 
pressure has first to relieve the shell of this initial compressive stress 
before any load comes upon the material of the shell, and consequently 
the working stress in the plate is much lower than it otherwise would be. 
Naturally the stress in the wire is increased, but the load on the wire when 
being wound is adjusted so as to bring the total load within practical limits. 
The system is by no means poculiar to the Stanley generator, being used in 
connection with steam piping in marine engineeiing work of the highest clasp. 

The tubes are placed vertically and are securol to the two end plates 
by being expanded into reamered tapered holes, thus constituting, in some 
measure, a number of stays supporting the tube plates. 

The boiler normally works under a pressure of 500 lbs. per 
square inch, but is tested to considerably above this. The 10 h.-p. 
boiler has 478 tubes, and the 20 h.-p. boiler 786 tubes of J-in. 
diameter, the heating surfaces being 66 square feet and 
104 square feet respectively. 

Two safety devices are fitted to the boiler, the first being a 
safety valve which is set normally to blow off at a pressure of 
650 lbs. per square inch and the other is a fusible plug, shown in 
Fig. 207. This plug is so applied that if the water-level in the 
boiler falls to within 8 ins. of the bottom, a lead plug is exposed 
to the heat of the fire and melts, releasing the steam and calling 
the driver's attention to the low water. No trouble is experienced 
in remedying the defect, as the burner is at once turned out, the 
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plug tube which projects through the aide of the firebox iB 
removed and a new one inserted, after which water is pumped 
into the boiler, fires relighted and a restart made. 

•294. Water Indicator.— Tbe Stanley boiler hns a device, also, for indicat- 
ing the water-level in the boiler; it is shown in Fig. 206 at O, and also in 
Fig. 204. It is not desirable to have a gauge glaum subject to the high 



Fig. 204. - Stanloy Automatics. 

pressure of steam used in these boilers, so at O there is a gun-metal vessel 
divided into two portions, one part, the boiler-chamber, being in connection 
with the boiler at S and the other part, the feed- chamber, being a passage 
through which the feed water circulates on its way to the boiler from T to U. 
In the the first-men I ioned compartment a tube completely filled with water 
is inserted having a sealed end, the free end II being connected up to an 
njien glass tube on tbe dash-board, so that there is about 2 ins. or 3 ins. 
{if water in the gauge glass. From the method of attachment it is clear 
that if there is water in the boiler above S there will be water in the boiler 
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chamber, otherwise it will contain steam. If the water-level in the boiler 

falls below S, then steam will fill the chamber, raising the temperature < 
and causing some of the water in the sealed tube to be converted intu 
steam, thus forcing the level of the water in the dash-board indicator higher , 
up the tube. On pumping more water into the boiler, the steam in the 
boiler chamber and the tube will be condensed, and the water level fall U> it' 
normal position. If the car is allowed to stand for a time, the same effect 
will l>e evident, because there will be no water circulating through the fee-1 
chamber and consequently the temperature of the water in that compartment 
will be raised, but on restarting the pumps, the indicator will assume its 
ordinary working level. 

295. The Stanley Burner.— This ia shown in Fig. 205, and its 
position beneath the boiler ia Fig. 206. The makers recommend 



FlO. 205.— Stanley Burner. 

thai either petrol or l>enzine l»e used, although the burner can 
consume paraffin successfully. 

As may be seen, the burner plate consists of a thin casting in the form of 
raised hollow corrugations which cross the circular plate in parallel lines. 
The tops of these corrugations are slotted across at right-angles with fine 
slots from which the gas issues and burns with the blue flame typical of 
(terfoct combustion. Towards the left-hand side the pilot light is placed, as 
In Fig. 2(15, and the who'e casting is fixed in a sheet-iron box which is 
attached Mow boiler by studs and nuts. 

Across the box over the burner plate lie the vaporising tubes, through 
which the fuel passes on its way to the nozzles which direct the gas through 
air-mixing tubes under the plate. These vaporisers are brazed together, 
and so placed that they pass directly over the pilot flame, the latter serving 
the double purpose of keeping the vaporisprs hot and lighting the main fire. 
The pilot light will burn for many hours without attention, and keep 
sufficient steam on the boiler to start the car any moment When first 
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*tnrting the fire, the pilot vaporiser is heated by applying a small bind -torch 
for a. couple of minutes on the nozzle, and the pilot flame lit through a small 
circular door in the side of the firebox. 

296. Stanley Water System. — The supply to the boiler is fed 
by the pumps A A 1 in Fig. 206, operated direct from the engine 




eross-head, which are of the tandem type and deliver more water 
than is required for ordinary requirements, so a by-pass valve 
is fitted at F, actuated from the steering column and leading back 
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into the tank. This valve when open allows the flow from both 
pumps to paBB back to the tank, and an auxiliary by -pass valve E is 
now fitted to one pump only, bo that, if desired, by closing the first 
valve F and opening the auxiliary one E, the delivery of one pump 
may be kept regularly directed to the boiler, and that from the other 
may be by-passed until the full service of both may be required. 
A hand -pump D is supplied for filling the boiler in the first instance. 
The circuit under normal conditions is from the water tank 
at W by the pumps A A 1 to the water indicator G, through the 
feed chamber and into the boiler at the top. 

297. Stanley Steam System.— The steam generated in the 
boiler leaves at R, Fig. 206, 
passes through the throttle K 
to the superheater tubes J, 
where it divides into two pipes 
which run down through the 
boiler and around over the 
burner, rising back through the 
boiler again and on to theengine, 
after which it goes to exhaust in 
the atmosphere. 

298. Stanley Fuel System.— 

In the Stanley system only 

about two pints of fuel are under 

pressure, and this is contained 

Fro. a07. in the pressure tanks shown in 

Fig. 206. The fuel is drawn from 

the fuel tank by the pump B and sent into the fuel main near P, 

which is a pressure retaining valve for use when the car is standing. 

From thence it passes to the valve M, where a small quantity is 

taken for the pilot light, the main portion passing to the 

vaporising coil L. Here its temperature is raised and it is sent 

through the main burner valve M B which regulates the supply 

to the main burners. The delivery is then split up iuto two 

parts at the steam automatic and both leads are taken through 

the main fire vaporisers over the burner and finally discharged 

into the induction tube of the main burner. A hand-pump is 

fitted at C for use when starting up. 

The fuel during this time is under a pressure of about 120 lbs. 
per square inch which is obtained by the use of the pressure tanks, 
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as in the right-hand one there is air under this pressure. The fuel 
pump always delivers an excess over the maximum demands of 
the burner, bo whatever pressure there may be at the start due 
to the air pumped in by a hand-pump will be maintained. The 
gasoline automatic valve is fitted so as to operate when the 
pressure in the fuel system reaches 120 lbs. per square inch, but it 
may be adjusted to suit any pressure. Its construction is shown 
in Fig. 204, from which it will he seen to simply consist of a 
spring loaded valve attached to a diaphragm. When the valve lifts, 
it allows the fuel to pass and return to the main fuel tank at Z. 

299. Automatic Control. — 
The necessity of some form of 
automatic control has already 
beenemphasised. Thecontrol 
in this case is only on the 
fuel, and consists of a copper 
diaphragm (see Fig. 204) upon 
which is mounted a strong 
spiral spring carrying a needle 
valve, which shuts off the whole 
supply of fuel from the main 
burner when forced on to its 
seat, although the main burner 
valve is left open. The spring 
is set to withstand a pressure of 
500 lbs., hut can be adjusted 
as desired. The boiler steam ¥l °- ' 2liH - 

pressure is led to the under side of the diaphragm, and when it 
reaches 500 lbs., the spring is compressed, and the valve stem forced 
up on its seat. The main fire is thus extinguished, and remains so 
till the steam pressure falls again below 500 lbs., when the spring 
immediately reasserts itself and opens the valve agaiD, so renewing 
the flow of fuel to the burner, where it is relit by the pilot. By 
this contrivance steam is generated only when required, and in 
proportion to the demands of the engine. 

800. Turner Boiler. — The Turner boiler is of the true flash 
type. It is built up of eight complete generator sections of 
solid drawn steel, bent into the form of a double gridiron, thus 
giving sixteen layers of tubing. The l>ottoni eight layers have 
a bore of y^ in. and an external diameter of jj in., while the 
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upper eight layers are T 7 a >n- bore and § in. external diameter, 
the whole having a total length of 200 feet. The method of 
connecting up these layers together is shown in Fig. 208. 

301. The Turner Burner. — This 
burner uses paraffin as its standard 
fuel, and its construction may be seen 
by referring to the accompanying 
Fig. 209. 

It consists of an induction tube P (Fig. 

209), a mixing chamber and eight burner 

tubes — one burner tube being slightly longer 

than the others for supporting the unit. The 

paraffin is vaporised in a coiled tube placed 

near the burner (Fig. 210). The burner 

Fro. 2119. tubes are perforated on the upper side by 

about 1,200 pin holes, this fine division of 

the fuel contributing largely to the efficiency of the combustion. This 

burner is very silent in its action, and when standing the heat of the burner 

can bo regulated by the valve Q (Fig. 211). 

The paraffin is supplied to the burner under air pressure, the 
air being forced into the paraffin tank by a hand pump connected 
to the nozzle E (Fig. 211) at 

starting. When the engine ; 

is running, the airpreBSiire is " 

maintained by the pump V, 
the actual pressure being 
regulated by the valve X. F 
is a relief valve adjusted to a 
given pressure in the tank, 
any surplus escaping by the 

pipe shown in the figure. W i< 

is a valve for retaining pres- 
sure in the tank when at rest. 

When starting up, before 
paraffin is permitted to pass 
through the vaporising coil, 
one end of coil near R is 

heated by a blow lamp, and when it is sufficiently heated the 
paraffin is turned on, so that it issues in the form of vapour. 
This passes into the induction tube and from thence to the 
burner tubes to be consumed. 
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302. Turner Water System. — The feed water for the generator 
a drawn from the water tank through the valve C (Fig. 211) and 




■lll l llllll l llllllll l lll l lll l lllllllllllllllllllll l ' 



Water 

Fuel 



FlQ. 211. — Diagram of Piping for Tumor Car. 

enters the pump box at TJ, from which it is pumped either by 
the hand-pump A or the pump worked from engine at B, through 
G to the bottom of the boiler at N. No gauge glass or similar 
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fitting is necessary, as the generator never contains more than a 
pint of water. 

303. Turner Steam System. — From the diagram of end con- 
nections (Fig. 208) it will be seen that steam is taken from the 
second layer of tubing. The water is fed into the lowest gridiron 
and is converted into steam, which rises through the tubing and 
leaves the boiler as shown. It then passes through the steam 
pipe (Fig. 211), through the main throttle T to the engine, 
leaving by the exhaust pipe for the condenser, from which it is 
sent to the feed water tank. On its way between the exhaust 
and the condenser it passes through a feed water heater. 

304. Turner Fuel System. — The paraffin is under air pressure 
in the fuel tanks, from whence it is taken to the vaporising coils, 
where it is completely gasified and then led through the regula- 
ting valve Q to the induction tube P (Fig. 211). 

805. Turner Control. — The control on this car is by means of 
the valve D on the steering column and the pedal-operated 
throttle T. To regulate the speed of the car the valve D is 
opened to a greater or lesser extent, and thus more or less water 
allowed to return to the feed tank by way of H on pump box. 
Too much water will cause an excessive speed of the car, while 
if no water is injected to the boiler the engines will stop. When 
it is desired to stop the car, the pedal is depressed and the throttle 
valve T closes, a further movement of the pedal causing the 
application of the brakes to the drum Y on the engine-shaft. 

When the car is to be left standing, the valve R on fuel supply 
is closed, thus putting out the fires, and the steam remaining in 
the generator is discharged through the condenser by opening 
the valve J. 

For short stops, the needle valve Q in the induction tube P is 
adjusted, so that only a very small light is kept going. 

There is neither automatic control nor pilot light on this car, 
but the regulation of the amount of heat required is by means 
of the valve X, which adjusts the air pressure in the fuel tank, 
and consequently the discharge at the burners. 

Questions on Chapter XXIII. 

(1) What do you understand by a flash boiler ? 

(2) Sketch and describe the White pipe systems, detailing the 
functions of the automatic devices. 
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(3) Describe some form of automatic control fitted upon a steam car. 

(4) What is the object of wire-winding the Stanley Boiler ? 

(5) Name the various types of boilers found in automobile work, 
and mention the advantages or disadvantages of each. 

(6) Sketch a burner for a steam generator, and say what alteration 
would be necessary to enable it to burn paraffin. 

(7) What is the object of fitting a pilot lamp? Describe some 
burner in which such a device is not used. 

(8) Explain with the aid of sketches the Stanley water indicator. 

(9) Compare the two systems of control (a) in which every part is 
automatic and (b) in which the failure of, say, the water supply causes 
the stoppage of the car. 



CHAPTER XXIV 

THE ELECTRIC CAB 

806. Obviously, from the nature of the service upon which the 
automobile is engaged, the supply of energy must be self-contained, 
no matter what class of vehicle is referred to. For this reason, 
therefore, the electric car must carry its charge of electricity in 
some convenient form, and to this the accumulator lends itself, 
but is subject to a great disadvantage in regard to its weight. 
The future of the electric car is bound up in the evolution of a 
light, efficient and cheap battery, and it is on this problem that 
the keenest intellects have been and still are engaged. Whether 
they will be successful in their endeavours or not it is difficult 
to determine, but it cannot be denied that should even only a 
modicum of success attend their efforts it would cause a much 
more extended use in town work. 

807. Principal Parts of an Electric Car. — The three principal 
parts of the electric car, in so far as it differs from the petrol- 
driven vehicle, are the battery, the motors and the controller. 
The current from the battery is taken to the controller and from 
thence to the motors, where the electrical energy is converted 
into mechanical power. 

The battery is generally supported upon an underframe, which 
is slung from the side members of the chassis frame. Such an 
arrangement allows of free access to the cells and distributes the 
weight of the battery fairly equally over the wheels, but at the 
same time gives a clear upper surface upon which the body may 
be placed. 

The controller itself is fitted near the driver's seat, either 
beneath the floor of the car or within a casing at the foot of the 
steering column — in either position it may be operated by a lever 
placed on the column or at the side. 

808. Suspension of Motors. — The method of suspension and 
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arrangement of the motor depends upon the number of motors 
employed and whether the car is front or rear driven. When a 
single motor is fitted, a differential gear becomes necessary, the 
drive to the differential casing being taken through either spur- 
gearing, chain-gearing, or worm-gearing. If spur-gearing is 
used, some provision must be made to allow of the rise and fall 
of the axle due to inequalities of the road surface. This is 
generally arranged for by attaching the motor frame to the rear 
axle by means of lugs, so that it is free to rotate to a slight extent 
about the axle, a limit being imposed by securing the forward 
side of the motor to a laminated spring fixed to a bracket on the 
chassis frame. The motor pinion is thus always at the same 
distance from the centre of the rear axle and the correct meshing 
of the gears is ensured, while any shock at stopping or starting 
is taken up by the spring. When the drive is through either a 
worm or a chain, the motor is suspended by lugs from the framing 
of the car. 

If two motors are employed, the motors may be either 
incorporated in the hub of the wheel or a spur-gearing may 
be interposed and the spring attachments already referred to 
fitted. Of the two the latter is preferred, as the former 
necessitates the employment of large hubs and a motor running 
at a much slower speed, which causes the weight of the parts 
to be rather heavy; while, in addition, the motor is subjected 
directly to any shocks which may come upon the road wheels. 
On the other hand, the total weight need not be much greater, 
if any, than when spur-gearing is used, and the efficiency of the 
transmission is increased because the use of gearing is obviated. 

In the front-driven vehicle, two motors are employed which 
may be connected to the driving wheels through the spring 
attachments already described, but another form is sometimes 
used, and is seen on the Erieger Chassis. In this, the steering 
pivot is within the hub, and a spur wheel is bolted direct to the 
hub of the wheel which is in gear with a small pinion carried on 
a framing surrounding the hub on its inner side. The framing 
is concentric with the wheel hub and forms a dust-proof oil bath. 
The pinion is driven by a motor rigidly attached to the axle hub. 

The pinion is usually made of fibre or raw hide, so as to render 
the reduction gear quiet, but wear takes place very rapidly unless 
all dust is excluded. 
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809. The Battery. — The battery used on electric automobiles 
differs little from the ignition cells, which have been already 
examined in Chapter X, except that on account of the more 
severe nature of the work upon which they are employed, a 
stronger construction is necessary. At times, too, it is desirable 
that the battery should be capable of giving an increased output 
for a limited period, so, generally speaking, it is designed so that 
an overload of approaching 100 per cent, can be made without 
any risk of straining the plates. Both Plante and pasted plates 
are used. 

The capacity of the cells in ampere hours varies greatly for 
the type of cell considered, ranging from about five ampere hours 

to eight ampere hours per lb. for a five- 
hour discharge. Care is, however, neces- 
sary in making any comparison, as the 
capacity is somewhat increased by a slower 
rate of discharge. The time required for 
charging is from three to five hours. 

The life of the cells also varies greatly, 
but may be taken as being from 4,000 to 
5,000 miles before repasting is necessary 
and 2,000 miles after repasting. 

The battery usually consists of from 
forty to fifty cells, which thus give from 80 
L/-J I r \ i to 100 volts when grouped in series. 

810. Motors. — The simplest form of motor 
is that with a shuttle-wound armature and 
a two-part commutator. Its essential parts 
which constitute the motor are — the field magnets, the armature, 
the commutator and the brushes (see Fig. 212). The field magnets 
are magnetised by the current which passes through the field 
coils and which always flows in the same direction, giving the 
magnets the same polarity continuously. 

Around the armature are wound a large number of turns of 
wire, the ends of which are connected to the two insulated 
portions of the commutator. Brushes press upon the commutator 
and carry the current from the source of supply to the armature 
coils. 

The action of rotation is produced as follows : — 

The current flows in at one terminal, dividing up and 




Terminal Terminal 

Fig. 212. 
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traversing both the armature and the field coil circuits. By 
suitably connecting up the armature coil to the commutator 
the current passing through the armature coil will cause one 
side of the shuttle to be a N pole and the other side a S pole. 
Similarly the left-hand side of the field magnet will be a N pole 
and the right-hand a S pole. The upper end of the armature 
will, therefore, be repelled by the N pole of the magnets and 
attracted by the S pole, and the bottom end of the armature 
will be similarly affected only in a reversed sense, so that the 
armature will be caused to rotate in a clockwise direction. On 
a movement of 180 degrees being effected, the polarity of the 
magnets will remain unchanged, but that of the shuttle will 
have been reversed, because the current will now be passing 
through the armature coil in a reversed direction. The same 
rotative effect will therefore be produced, because the upper end 
of the armature will always be a N pole, and as the polarity of 
the shuttle is automatically changed by the commutator, the 
armature will continue to rotate in a clockwise direction. It 
will be seen that it is necessary for the direction of the flow of 
current through the armature coil to be reversed at the correct 
position, as if it is changed too soon or too late, the armature 
will be arrested. This is the function of the commutator, and 
the current should be reversed when the shuttle is in a horizontal 
position, that is just when the poles of the armature are passing 
the poles of the magnets. 

But if the armature is in a horizontal position, it is clear that 
the repulsion or attraction of the magnet poles will simply exert 
a thrust on the bearings and will not tend to cause rotation. 
Under these circumstances no rotary movement would result, 
and the armature is then said to be on "dead point." By the 
addition of other magnet poles, or by the adoption of a different 
construction in the armature in which a large number of coils 
are employed, these dead points are avoided and continuous 
rotation ensured. 

In this construction, the magnets consist of cores of soft iron 
which are secured to what is termed the magnet casting. Around 
these cores are the field coils, while in order that the pole pieces 
may approach close to the armature, suitably shaped pole shoes 
are fitted. The armature is built up of laminated plates of soft 
iron, having grooves cut in their circumference along the axis 
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of the shaft in which coils of well insulated copper wire are wound, 
the ends of each coil being connected to two insulated com- 
mutator segments, so placed that the brush attached to the positive 
terminal presses upon one segment and the other brush upon 
the other segment. The segments are made of hard drawn 
copper and are well insulated by strips of mica from each other. 
The ends of the coils are soldered to lugs which are provided on 
the segments. It is important that the commutator should be 
perfectly true with the armature spindle, as otherwise serious 
damage may result. 

The brushes may be made of compressed copper gauze or of 
carbon and are attached to the wires from the battery by means 
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Terminals 
Shont wound motor 

Fig. 213. 




Terminals 
Compound wound Motor 



of a terminal fastened to the body of the brush. When carbon 
brushes are used, the ends are usually copper plated in order to 
ensure better contact with the holders in which they are placed. 
The brushes are arranged in suitable carriers which permit of 
their rotation about the commutator. 

811. Series, Shunt and Compound-wound Motors. — There are 
three principal types of motors — the series, the shunt and the 
compound-wound. 

In the series-wound motor the field coils are in series with the 
armature coil, so that the same current passes through both the 
field and the armature. See Fig. 218. The magnetising current 
will therefore depend upon the current passing through the 
armature. 
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The shunt-wound motor is also shown in Fig. 218, where it 
may be seen that the current from the source of supply is 
divided, one part passing through the armature and the other 
through the field. By this means the strength of the magnetic 
field will be constant, but may be varied by placing an external 
resistance in the shunt circuit. 

The compound-wound motor is a combination of the two 
previously mentioned in that the magnetising current is due 
to the current through the armature plus that through the 
shunt. By cutting either out of the circuit, the strength of the 
magnetic field may be varied at will. It will be seen that this 
motor is really a shunt-wound motor with a series winding 
added to it. 

To enable the reader to comprehend the characteristics of the 
various types of motors, attention is drawn to Art. 130, where 
it is seen that when a coil of wire which has its ends joined 
rotates in a magnetic field, a current of electricity is generated 
within the wire. Now the ends of the armature coils of the 
motor are successively joined by the brushes which press upon 
the commutator segments, so when the armature rotates between 
the poles of the magnets, a pressure is generated in them. The 
direction in which this pressure acts is opposite to that of the 
current which flows through them from the battery, and, there- 
fore, the pressure generated is termed the "counter E.M.F." 
The magnitude of the counter E.M.F. varies as the speed of 
revolution. 

812. In the series-wound motor the current which passes 
through the armature passes also through the field coils, and they 
therefore depend upon the armature current for their excitation. 
The torque from the armature depends upon the strength of the 
magnetic field (which, as has just been shown, depends upon the 
current in the armature) and upon the current passing through 
the armature coils, and will thus vary approximately as the square 
of the current through the armature. For light loads the torque 
required to overcome the resistance of the car is low, and since 

C = — ^— , where E is the E.M.F. from the battery and e is the 

counter E.M.F., and R is always small (about '05 ohms), (E — e) 
must be small, in order that the current may be low. The E.M.F. 
from the battery is, however, constant, so that the speed of 
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revolution must be high to generate a high counter E.M.F. and 
reduce (E — e) to a low value. 

Similarly, for heavy loads the counter E.M.F. must be small, so 
that (E — e) can be large, and therefore the armature must rotate 
at low speeds. When the car meets an increased resistance, a 
greater torque is required to be exerted by the motor, which, when 
the load comes upon it, slackens in speed and thus reduces the 
counter E.M.F. in the armature coils. This reduction of the 
counter E.M.F. will cause the value of (E — e) to increase, and 
consequently the current passing through the armature will like- 
wise be increased and the magnetic field strengthened. But as 
the magnetic field becomes stronger, the counter E.M.F. tends to 
rise and prevent any great increment in the armature current. 
Hence, the motor will give practically constant power with a 
varying speed. 

On the other hand, the magnetising current through the field 
coils of a shunt- wound motor is constant and independent of the 
armature current, so the magnetic field will be of constant strength. 
When the load on the motor increases, a reduction of speed 
immediately takes place, but a very small reduction in speed is 
sufficient to cause a relatively large increase in (E — e), and there- 
fore a large increase in the armature current. But seeing that a 
constant current passes through the field coils, e will depend upon 
the speed of the motor, which has been but little reduced. Con- 
sequently the shunt-wound motor will run at nearly constant 
speed with a varying load. 

The object of winding the magnets of compound- wound motors 
with a few turns of wire in series with the armature coils is to 
increase the strength of the magnetic field in which the armature 
rotates, when the speed tends to decrease due to increased load 
and the motor is taking a greater current through the armature. 
By adjusting the number of turns of series winding on the 
magnets it is possible to obtain a constant speed of revolution 
with a varying load. 

313. The Shunt- wound Motor used for Charging the Battery when 
Descending Hills. — One of the advantages accruing from the use of 
shunt-wound motors on electric vehicles is that when descend- 
ing long hills a considerable portion of the energy which would 
otherwise be wasted in heating the brake drums, can be usefully 
employed in charging up the accumulators. This is permissible, 
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because when the motor becomes a dynamo driven by the road 
wheels, the polarity of the magnets is unaffected, as the current 
through the field coils is sent in the same direction in both cases. 
With a series motor, the reversal of current through the armature 
reverses the current through the field coils also. This may be 
clearly seen if the reader will place arrows on the wiring, to show 
the direction in which the current flows. 

The compound-wound motor can be used for charging the 
accumulators by cutting out the coils in series with the armature 
winding, as it is then virtually shunt-wound only. 

A powerful braking effect may be obtained from the motor by 
short-circuiting the terminals, the electrical energy being converted 
into heat in the armature. This method of braking, however, 
cannot be recommended, as there is a great risk of the destruction 
of the armature insulation from overheating. 

814. Controller. — By means of the controller the whole of the 
operations necessary for controlling the speed of the car and the 
connections between the battery and the motor are affected. 

It consists of a circular cylinder of some insulating material 
upon which strips of copper are secured, the number, shape and 
position of the strips being such that the various terminals on the 
battery and the motor are automatically connected up in the 
desired combination when the cylinder is rotated and placed in a 
suitable position. Against this cylinder springs or fingers press 
which are connected up to the terminals before-mentioned. The 
rotation of the cylinder is produced by means of a lever which is 
generally placed upon the steering column but is sometimes fitted 
at the side of the driver. 

315. How Variations of Speed are Obtained. — One of the 
commonest methods of varying the speed of the motor is by 
varying the voltage at the motor terminals, as the speed of 
revolution depends upon the voltage in the circuit. If the 
voltage at the brashes is reduced, the speed at which the motor 
will run will also be reduced in nearly the same proportion. 
The way in which this is carried out will be seen, as several 
systems are described. 

Supposing now that a single series motor is employed, to 
obtain the various speeds the following procedure may be 
followed: — For first speed the battery may be coupled up so 
that it is divided into four parts in parallel. The pressure at 
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the terminals, if tea cells are grouped in each set in series, is 
then 20 volts, and the first speed is obtained. For the second 
speed the cells are divided into two parts of, say, twenty cells, 
and the voltage then rises to 40. By coupling up all cells in 
series, a pressure of 80 volts is at the terminals, and the third 
speed is obtained. A further variation in the speeds may be 
made by introducing a resistance in the circuit, for by so doing 
the voltage is reduced as the current passes through the 
resistance. 

When two series-wound motors are employed, the first and 
second speeds may be obtained by adopting a similar grouping 
of the cells for the second and third speeds in the single motor 
arrangement, but with the motors in series, as then the drop of 
voltage of 40 and 80 volts is divided between the two motors. 
For the top speed the cells may be grouped in series and 
connected to the motors arranged in parallel, as the full pressure 
of, say 80 volts, will be on both motor terminals. 

For varying the speed of shunt-wound motors a similar 
method of grouping may also be employed, but seeing that the 
field coils are now a separate circuit, and that the speed of a 
motor is nearly inversely proportional to the strength of the 
magnetic field in which the armature rotates, it is possible to 
effect a reduction of speed by this means. To do this a resistance 

E 

is inserted in the field circuit, for by Ohm's Law C = ^ , if, 

therefore, the resistance R is doubled, the current G passing 
through the shunt will be halved. The voltage may also be 
reduced by connecting the terminals of the shunt or field coils to 
one, two or four groups of cells in series which will produce a 
corresponding variation in the strength of the field. 

For a compound-wound motor the speed may also be varied 
by cutting out the field coils in series with the armature, the 
motor being thereby converted into a shunt-wound motor, and 
may be then used for charging the batteries when on a long 
decline. 

Obviously, the arrangements indicated may be supplemented 
by others, but sufficient have been noted to enable the reader to 
see how the variations of speed are effected in electric vehicles. 

The reverse speed is obtained by reversing the current through 
the armature without affecting the direction of the current 
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through the field coils, so that the polarity of the magnets 
remains unaltered. 

Questions on Chapter XXIV. 

(1) Explain the difference between the shunt and the series-wound 
motor. 

(2) Give a sketch showing one method of transmitting the power 
from the motor to the road wheels. 

(3) Make a diagram of wiring for a car haying four speeds and 
reverse with 40 cells and two shunt-wound motors. 

(4) Enumerate the various parts of a motor, and say what each 
part is for. 

(5) What is the controller, and in what way does it effect its 
purpose ? 

(6) Explain why the armature rotates when a current is sent 
through the armature windings of a series- wound motor. 

(7) What is the " Counter E.M.R," and how does it affect the 
running of the car ? 
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MATERIALS USED FOR THE PRINCIPAL PARTS OF 

THE MODERN CAR. 



Name of Part 



Cylinders 



Valves . 
Camshafts 



Pistons . 



Gudgeon pins 



Connecting rods 



Crankshafts . 



Flywheel 
Gear shafts . 

Gear wheels . 



Gearboxes 



Conditions which determine the 
kind of Material, 



Intricate casting — good 
wearing surface — ldw 
tensile and bending 
stresses. 



High burning tempera- 
tures — warping — shock. 

Torsional and bending 
stresses — hard and 
severe wear — shock 
needing fibrous struc- 
ture. 

Rigidity — good wearing 
qualities — lightness and 
strength in compression. 



Material used. 



Hard surface . 



Compressive and bending 
stresses — lightness — 
reversible stress. 

Bending and torsional 
stresses — shock — hard 
surface at journals for 
wear — reversible stress. 

Weight — rigidity — low 
cost. 

Bending and torsional 
stresses — freedom from 
distortion — hard surface. 

High intensity of pressure 
teeth — hard surface — 
bending stresses — alter- 
nating load. 

Rigidity — ease of manu- 
facture. 



Cast iron or cast steel. Cast 
steel is not generally 
used when steel pistons 
are employed, because 
these two metals do not 
work well together. 

High percentage nickel or 
nickel-chrome steel. 

Forged steel , case-hardened . 



Cast iron or pressed steel. 
When the latter is used, 
cast-iron rings are often 
fitted so as to bear upon 
the bottom of the groove 
and Btand " proud " of 
the surface. 

High-tension steel, either 
case-hardened or oil- 
hardened according to 
the grade of steel. 

Nickel chrome or forged 
steel with a high elastic 
limit and good elonga- 
tion. 

Hard forged steel — Nickel 
chrome or vanadium 
steels. 

Cast iron. 



Forged steel or nickel 
chrome steel. 



Nickel chrome steel, oil- 
tempered. 



Casting of either aluminium 
or cast iron. 
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Materials, etc. — contin tied. 



Name of Part 



Clutch member 



Crankcase 



Axles . 



Swivel axles . 



Ball-bearings 



Springs . 
Frames . 



Axle casing . 



Conditions which determine the 
kind of Material. 



Rigidity — lightness or 
small rotating momen- 
tum. 

Intricate casting — rigidity. 



Bending and torsional 
stresses —wear at bear- 
ings. 

Severe bending stresses — 
shock. 

Hard surface, yet not 
brittle. 



Resilience — bending and 
torsional stresses. 

Shock — bending — vibra- 
tion — must be capable 
of easily taking any 
shape. 

Bending stresses — facility 
of manufacture. 



Material used. 



Forced steel or cast alum- 
inium. 

Cast iron or aluminium. 

When the latter is used, 

case must be well ribbed. 
Bottom half is sometimes of 

sheet metal. 
Forged steel of good quality 

or a nickel chrome steel. 

High-tension steel with 
high elastic limit and 
good elongation. 

Special steel, case-hardened 
or oil- tempered- -the lat- 
ter for preference. Fre- 
quently a nickel chrome 
steel is employed. 

Specially tempered steel - 
generally blister steel. 
A low carbon steel. 
Occasionally, higher grades 

of steel are used— nickel 

chrome. 
Malleable cast iron, pressed 

steel, or steel tubing. 
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CITY AND GUILDS OF LONDON INSTITUTE 
KEVISED SYLLABUS IN MOTOR CAR 
ENGINEERING. 



The course of instruction in this subject should occupy at least three 
years. Examinations will be held at the end of each year's course. 

Students are advised to take a course of instruction in sortie or all 
of the subjects included in the first stage of " Practical Mathematics" 
" Heat Engines" "Machine Construction and Drawing" and "Magnetism 
and Electricity" of the Board of Education, or their equivalents, before 
commencing this subject. 

Slide rules and tables of logarithms may be used at the Examination. 
In problems involving calcidations, more importance will be attached to 
method than to arithmetical accuracy. 

SYLLABUS:— 

Grade I. 

Petrol. — Source, distillation, density, and calorific value. Handling 
and storage. 

Carburation. — The properties of petrol, explosive mixtures, cooling 
effect of evaporation. 

Carburetters. — General principle of the action of a float-fed spray 
carburetter and description of the forms in common use. Variable 
mixture supplied by simple " jet-in-tube " carburetter, and the prin- 
ciples of the devices in common use attempting to correct this defect. 
Location of faults in fuel system. 

Indicated and Brake Horse-power, compression ratios, heat of 
compression, difference between adiabatic and isothermal compression. 
Graphic representation of work, indicator diagrams. Difficulty of 
measuring indicated horse-power accurately. Brake horse-power 
and method of measuring same. Mechanical efficiency. Thermal 
efficiency. Heat losses. Fuel consumption. Calculations involved 
in connection with the above. 



SYLLABUS IN MOTOR CAR ENGINEERING 405 

Engines. — General construction of two- and four-stroke-cycle 
engines, various forms of engines, valves and operating mechanisms 
in common use. Valve timing; lubrication, cooling, practical treat- 
ment generally and locating faults. Such elementary information 
regarding balancing and torque as will enable the student to under- 
stand the advantages of various forms of engines and the principles 
governing their design. 

Gearing. — Angular ratio of trains of gear wheels other than 
epicyclic gears. Relative torque in shafts, properties of differential 
gears. Efficiencies of different forms of gearing. Tractive force. 
Road and wind resistance and gradients. Braking effect. Problems 
involving simple calculations witli the above. 

Chassis Parts. — General description of the construction of various 
types in common use of the following : — Clutches, change speed 
gears, universal joints, transmission to road driving wheels, brakes, 
steering gears, circulating pumps, fans, radiators, bearings, lubricators, 
springs, shackles, torque rods, radius rods, silencers, etc. 

Means for operating clutches, speed gears and brakes. Locating 
faults in and practical treatment of the above. 

Materials of Construction. — Composition, properties, methods of 
working and treatment of the materials in common use. 

Electric Ignition.— Electricity. — Such elementary information 
regarding electricity and magnetism as will enable the student to 
form an intelligent idea of the operation of batteries, coils, and 
magnetos, as used for ignition. 

Batteries. — Brief description of primary batteries. Secondary 
batteries, general construction, charging and treatment generally. 
Ohm's law. 

Coils and Magnetos.— High and low tension sparks, effect of 
pressure on the length of spark. Electro- magnetic induction. Con- 
struction and theory of working of ignition coils, high and low tension 
magnetos, operating mechanism, timing ignition. High and low 
tension distributors. 

Sparking Plugs. — Construction, weaknesses and general treatment. 

Wiring. — Various systems in common use. High and low tension 
distribution. 

(Note : Students should be encouraged to use coloured inks or 
pencils when drawing diagrams of coils, magnetos, and ignition 
systems ; say, red for low-tension conductors, blue or green for 
high, and black for other constructional parts.) 

Locating faults in ignition systems. 
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Grade II. 

Candidates for this grade must have previously passed the examination 
in Grade L 

Candidates will be expected to possess a more advanced knowledge of 
the subjects mentioned in the syllabus for Grade I., and in addition a 
knowledge of the following subjects : — 

Petrol. — Methods for testing. Other fuels in commercial use on 
internal combustion motor road vehicles. 

Carburation. — Effect of air-petrol ratio on composition of exhaust 
gases, on rates of combustion, on mean effective pressure and on 
efficiency. 

Carburetters. — Pressure-fed systems. Effect of valve stem leakage, 
condensation in induction pipe and throttled petrol supply. Causes 
of flooding. Brief description of carburetters, other than the float- 
fed spray kind. 

Indicated and Brake Horse-power. — Thermo-dynamic principles 
of the internal combustion motor. High-speed engine indicators, 
analysis of diagrams, torque or crank effort curves from the indicator 
diagram. Horse-power formula based on engine dimensions. 

Engines. — Calculation of stresses in engine parts, problems on 
balancing and the effect of inertia on the torque diagram. Effect of 
obliquity of the connecting-rod, forced vibration in shafts, design of 
poppet-valves and cams. 

Gearing. — Epicyclic gears. Geometrical properties and con- 
struction of various forms of tooth gearing. Side slip. 

Efficiency. — The problem of the efficiency of the machine as a 
whole and in detail, studied quantitatively. 

Chassis Parts, — Calculation of stresses in members of transmission. 
Means for adjustment for wear. Governors, shock absorbers, detach- 
able wheels and rims. 

Lubricants. — Properties, flash point, composition, impurities. 

Ignition. — Synchronised ignition, two-point ignition, and effect of 
nature of spark on ignition. 

Final Examination. 

Candidates for the Final Examination must hold a certificate in 
Grade II. 

The examination in this grade will consist of two parts — a written 
examination, and a drawing examination to test the candidate s hnxnoledge 
of proportion and his quickness and accuracy in designing. 
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1. Written Examination. — In addition to a more advanced know- 
ledge of the matter comprised in the syllabuses for Grades I. and 
II., candidates will be expected to possess a knowledge of steam 
road vehicles, and of the general problems of motor car engineering. 
The questions will not necessarily be limited to the subjects specified 
in the foregoing syllabuses. 

2. Drawing Examination. — Candidates may be asked to design any 
of the mechanical details in a petrol or steam car; a choice of 
subjects will be given. 

Plain paper or paper ruled in £-in. squares will be provided by the 
Institute; all necessary instruments must be provided by the 
candidates or the school. 

Neat, carefully proportioned hand sketches are all that is required, 
and these should contain sufficient detail to enable a draughtsman to 
prepare working drawings from them. The dimensions of parts 
should be judged by eye and should not be inserted. 

Marks will be awarded for correct proportions. 
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ENGINEERING. 



1908. 

Ordinaby Grade. 

All candidates must attempt Question 1, and not more than six 
others. 

1. Draw the outline of the battery, coils, distributor or " commu- 
tator " and cylinders of a four-cylinder engine, and show the wiring — 
preferably with coloured pencils or inks — for ignition for the ordinary 
form of high-tension battery ignition with four coils. (40 marks.) 

2. If the engine in Question No. 1 is found to be missfiring on one 
cylinder, how would you systematically set about to find which 
cylinder is not firing, and then to locate the fault ? 

(Note. — Your method of locating the fault should be sufficient to 
detect any defect which is likely to occur, and you should not merely 
state how you would prove it to be due to one particular cause.) (50.) 

3. Sketch diagrammatically two common types of two- cylinder 
engines, and mention the disadvantages of each with regard to 
balance, continuity of torque, and adaptability to motor cars. (40. ) 

4. Represent the motion of the crank pin by a circle, and indicate 
the direction of revolution with an arrow ; mark on this circle the 
dead centres and the positions where the inlet and exhaust valve 
should open and close in an Otto cycle or ordinary petrol engine ; 

or, 
if you are not accustomed to this method of setting the valves, state 
whe n they should open and close in an engine of 5-inch stroke. (40.) 

5. Sketch the essential parts of an automatic carburetter — without 
the float chamber — write the names on the different parts, and 
explain when the automatic device comes into operation, and why it 
is necessary. (40.) 

6. Draw a three-speed and reverse gearbox, with the gears in 
" neutral," giving a direct drive on top, suitable for a live-axle car. 
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Put a figure on each wheel to indicate that it is for the reverse, 1st, 
2nd, or top gear. (40.) 

7. Show how the cooling of a single-cylinder engine, situated under 
a bonnet in front of a small car, is effected. Sketch the cylinder 
jacket, radiator, and pump in their respective positions, and indicate 
the direction of circulation by arrows. Make a separate sketch of 
the pump in section. (40.) 

8. In an ordinary ignition coil, suppose the low-tension or primary 
winding to be quite separate from the high-tension or secondary 
winding, how is it that by passing a current through the former you 
are able to get a current from the latter ? (40.) 

9. Sketch the system of steam and water pipes used on a steam 
car which condenses its steam and re-uses the water, state where the 
various pumps and valves are situated, and indicate the complete 
circuit of steam and water with arrows. (50.) 



1908. 

Honours Grade 

(Candidates for Honours must have previously passed in the 

Ordinary Grade.) 

All candidates must attempt Question 1, and not more than six others. 

1. Name some high-tension magneto ignition system with which 
you are familiar. Show diagrammatically its internal construction 
and external connections to plugs, etc. Wires carrying current should 
be drawn with coloured pencils or inks. (40 marks.) 

2. If an engine, fitted with the ignition system you have described 
in Question No. 1 is found to be missfiring on one cylinder, how would 
you systematically set about to find which cylinder is not firing, and 
then locate the fault ? (Note. — Your method of locating the fault 
should be sufficient to detect any defect which is likely to occur, and 
you should not merely state how you would prove it to be due to one 
particular cause.) (50.) 

3. Sketch and describe the action of some two- stroke cycle engine 
with which you are familiar. (40.) 

4. Engines sometimes make a noise called " coughing," which is 
caused by an explosion in the inlet or induction pipe ; explain care- 
fully the cause of " coughing/ 1 and how the mixture in the inlet pipe 
is able to get fired when the inlet valves are mechanically operated 
and do not leak. (40.) 
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5. An ordinary " live-axle " car, fitted with 30-in. road wheels and 
a four- to-one reduction in the bevel drive, with direct drive on top 
gear, has an engine which gives 15 brake horse-power. Neglecting 
friction in transmission, calculate the tractive force which is available 
for propelling the vehicle along the road when on the top gear. (40,) 

6. Describe a good system for lubricating the bearings, pistons, 
and gudgeon pins for a four-cylinder engine ; sketch the lubricator 
and crankcase, giving just sufficient detail to indicate clearly how the 
lubrication of the parts is effected. (40.) 

7. Discuss the relative advantages and disadvantages of low-tension 
magneto ignition as compared with high-tension magneto. (40.) 

8. Sketch the burner, the storage tank, and fuel system of a steam 
car ; name the parts, and state whether the fuel is paraffin or 
petrol. (50.) 

9. Describe briefly why the armature of an electric motor tends to 
rotate when a current is supplied to the motor in the ordinary 
way. (40.) 



1908. 

Honours Grade. 

(Draiving Examination.) 

One slieet of draiving paper is supplied to each candidate. 

Candidates may use ordinary drawing instruments, but sketches only, 
not scale drawings, are required. The dimensions of parts drawn 
shmdd be judged by eye f and need not be inserted. Marks will be awarded 
for correct proportion. 

1. Sketch in section an epicyclic gear giving two forward speeds 
and a reverse, suitable for a small car. (100 marks.) 

2. Draw two views of a universal joint suitable for the front end of 
a " cardan " or propeller- shaft of a live-axle car. (100.) 

3. Sketch a multiple disc clutch complete, about half full size, 
giving separate views of the two kinds of discs used. Enough detail 
should be given to enable a draughtsman to prepare a working drawing 
from your sketch. (100.) 

4. Draw a sparking plug in section, about twice full size, and name 
the insulating materials used. (80.) 
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1909. 
Ordinary Grade. 

1. Describe briefly the construction of any small car with which 
you may be familiar ; taking each organ in turn, giving its situation 
and the type to which it belongs, also noting any special or good 
features. (50 marks.) 

2. Supposing the ignition gear in the car described in question 1 to 
be in perfect working order, but that you cannot get the engine to 
start, how would you systematically set about to locate the fault 
before attempting to put it right or to alter any adjustments ? (40.) 

3. Sketch in section, a good design of clutch and flywheel, showing 
the clutch pedaL State briefly what are its good features. (40.) 

4. What horse-power is required to move a motor delivery van, 
weighing 3£ tons at 12 miles per hour along a level road, the necessary 
tractive force to overcome road resistance being 45 lbs. per ton ? (40.) 

5. State precisely what materials are generally used for con- 
structing the following car parts : — Engine cylinders, crankshaft, 
balls in the ball-bearings, core or centre part of magneto, armature, 
ordinary sparking plugs points. What is the white metal made of 
which is commonly used for lining big end bearings ? (40.) 

6. Answer either of the following : — 

(a) Suppose you have a 3 -ampere hour 4 -volt accumulator to 
be recharged, show in a diagram the necessary connections and 
apparatus for recharging, using any source of current supply 
you like. State what current you would give, for how long you 
would charge, and how you would regulate the current ; 

or, 

(6) Draw just a line diagram showing the wiring for a non- 
trembler coil ignition system, for a motor cycle with a 4-volt 
battery. 

If the coil takes 3 amperes, what is its resistance in ohms ? 

< 40 > 

7. Show the construction of a trembler ignition coil by a sketch, 
taking care to make the connections quite clear, preferably with 
coloured pencils or inks, stating which terminal has to be connected 
to the sparking plug and which to the battery, &c. (50.) 

8. Represent, diagrammatically, a low-tension magneto, and show 
the connections to a four-cylinder engine. Show the make and break 
mechanism for one of the cylinders, and state the relative speed of 
the armature to the crankshaft. (40.) 

9. Sketch a liquid fuel burner, and show the tank and necessary 



412 MOTOR CAR ENGINEERING 

pipe connections, etc., for a steam car. State the fuel used and how 
it is forced to the burner. (40.) 

10. What are the chief necessary electrical parts in an electric 
carriage ? Why are electric cars not more commonly used for country 
work ? (40.) 

1909. 
Honours Grade. 

1. Draw up a short catalogue specification of a complete chassis ; 
take the engine, gearbox, and other organs in turn, briefly indicating 
the good points and selling features which you think you could include 
at the price. The prices of the parts should not be given, but the 
specification should conclude with the words : " Price. Chassis 
only £250." (50 marks.) 

2. Suppose that the engine of the car you have described in ques- 
tion 1 stops pulling when you are out driving and the car soon comes 
to rest, how would you systematically set about to ascertain the cause 
of the trouble ? (40.) 

3. Answer either of the following : — 

(a) Sketch the apparatus you would use to determine the 
flash-point of a lubricating oil. State how you would use it 
and what you would expect the flash-points of two oils to be, 
one suitable for water-cooled engines and the other for air-cooled 
engines. 

or, 

(b) Sketch the apparatus you would use to determine the 
calorific value of a liquid fuel. 

If -008 lb. of fuel raises 12 lbs. of water from 55° F. to 67° F., 
calculate the calorific value of this fuel. (40.) 

4. Give the name of, or describe, a steel suitable for constructing 
some part of a motor chassis, mention the part for which this steel is 
suitable, and describe the treatment to which you would subject it 
in order to render it serviceable. (40.) 

5. An engine being tested with a rope brake round a 2-feet. flywheel 
gives a torque of 92 lbs. feet, e.g., 100 lbs. one end of rope and 8 lbs. 
the other. If this engine were to be put on a car weighing 1 ton 
altogether, what is the steepest gradient it could climb on the slow 
speed, neglecting all friction ? A 23-tooth pinion on clutch-shaft in 
gearbox meshes with a 57 -tooth wheel on cardan shaft extension, 
and the bevel in the back axle has 19 teeth meshing with a crown 
wheel of 60 teeth ; tyres 810 by 90. (50.) 
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6. What is the difference between isothermal and adiabatic com- 
pression ? How would you try to obtain each of these ? If it were 
possible in an internal-combustion engine to obtain adiabatic or 
isothermal compression and expansion when required, indicate on an 
imaginary indicator diagram the parts of the curve which you would 
arrange to have adiabatic and isothermal respectively. (40.) 

7. Calculate one of the following : — 

(a) The tensile strain in the rim of a cast-iron flywheel, 2 ft. 
diameter, at 2,500 revolutions per minute. One cubic inch of 
cast iron weighing 0-28 lb. 

(b) The maximum tension in a connecting rod due to the 
inertia of piston and gudgeon pin weighing 8 lbs. in an engine 
5-in. bore 6-in. stroke, at 1,500 revolutions, neglecting the 
obliquity of the connecting rod. (40.) 

8. Show, diagram matically, the wiring for ignition for a two-cylinder 
engine, cranks at 180 degrees, fitted with two tumbler coils and battery. 
(40.) 

9. Sketch the engine of a steam car with which you are familar 
and name the make. (40.) 

10. In an electric car, how is the necessary increase in torque 
obtained for hill climbing. (40.) 



1909. 
Honours Grade. 

(Drawing Examination.) 

One sheet of special drawing paper is supplied to each candidate. 

Candidates may use ordinary drawing instruments, but sketches only, 
not scale drawings are required. The dimensions of parts dratvn slwuld 
be judged by the eye, and need not be inserted. Marks will be awarded 
for correct proportion. 

Only three questions to be attempted. 

1. Draw nearly half full size a sectional view of the flywheel with 
a leather cone clutch, preferably a type in which the spring gives no 
end thrust on the crankshaft or gearbox shaft when driving. Show 
the necessary mechanism for removing the clutch for re-lining, and 
describe briefly how this is carried out. (60 marks.) 

2. Draw twice full size part of the pitch circle and two involute 
teeth of an ordinary gear wheel having 30 teeth, 6 diametrical pitch, 
5-in. diameter pitch circle. Show how the curve is set out and insert 
the dimensions of one tooth. (40.) 
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3. Sketch about quarter full size a well-designed back spring (not 
of the transverse type). Draw two full-sized views of one of the 
shackles in position, showing every detail of importance to its efficient 
use. (50.) 

4. Draw full size a piston for a double-acting engine used on a 
steam car, and show clearly a satisfactory form of piston ring for 
same. (40.) 

1910. 

Ordinary Grade. 

Instructions. 

All candidates must attempt Questions 1 and 2, and not more than 
Jive others. 

1. If you had an ordinary chassis, fitted with a four-cylinder 
vertical engine under a bonnet and a bevel-driven live axle, to tune 
up for the road, how would you determine the following points ? : — 

(a) Whether all the mechanically operated poppet valves are 
seating ; 

(b) Whether the sparking plugs or valve caps leak ; 

(c) Whether the porcelains of any of the sparking plugs are 
cracked ; 

(d) Whether the cooling water is circulating ; 

(e) Whether the clutch is slipping ; 

(/) Whether the engine is getting sufficient lubrication ; 

(g) Whether some evident loss of pulling power is due to the 
engine, or is due to friction in some other portion of the 
chassis. 
Do not give remedies for above defects. (42 marks.) 

2. Explain, with sketches, how the spark advance and retard are 
obtained in a four-cylinder vertical engine (a) with an ignition system 
consisting of accumulator and four trembler coils; (b) with some 
well-known high-tension magneto. Explain how, with each of the 
above systems of ignition, you would ascertain exactly when in the 
cycle of operations the spark takes place in each cylinder for any one 
position of the advance spark lever. Neglect the period of vibration 
of the tremblers, etc. (42) 

3. State briefly all the advantages and disadvantages of two similar 
vertical engines of equal power, the one being a four- and the other 
a six-cylinder. Give the concise reasons for each statement. (42) 

4. Describe, with sketches, any method with which you may be 
familiar for measuring the brake horse-power of a petrol engine. 
Assume certain figures as if you had obtained them experimentally, 
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and show your calculations for obtaining the horse-power therefrom. 
(48.) 

5. Sketch one of the well-known and extensively used carburetters 
without the float chamber. Name the make, describe its action and 
any good features it may possess. (42.) 

6. The gearbox of the chassis described in question 1 gives a 
straight through or " direct drive " on the top gear, but has two pairs 
of spur wheels transmitting the drive on the first speed. Sketch the 
arrangement roughly, and determine the ratio of engine revolutions 
to road- wheel revolutions on the first speed when a spur wheel A on 
the clutch-shaft drives a wheel B on the lay-shaft, and C on the latter 
drives D on the foot-brake shaft. D transmits the power through 
the propeller-shaft to the bevel pinion E, which drives the large 
bevel F on the back axle. The wheels A, B, C, D, E and F have 24, 
36, 18, 42, 14 and 55 teeth respectively. (42.) 

7. If when recharging an ignition accumulator you cause the 
current to pass through an ammeter to the positive terminal, and 
through a second ammeter after it leaves the negative, will both these 
meters show the same current? If so, how does the accumulator 
become charged? In a four- volt accumulator the positive of one 
cell is connected or bridged to the negative of the other cell. If this 
bridge is brought to zero potential by being connected to the gas 
pipe or " earthed," state what the voltage of the other two terminals 
will be, regarding " earth " as zero. (42.) 

8. Sketch a good make of sparking plug, name the materials of 
which it is constructed, and state how it may become ineffective in 
working. (42.) 

9. Sketch in detail any automatic device used on a steam car either 
for regulating the boiler water or the supply of fuel. (42.) 



1910. 
Honours Grade. 



1. If you had an ordinary chassis fitted with four-cylinder vertical 
engine under a bonnet and bevel driven live axle to tune up for road, 
how would you determine the following points ? : — 

(a) Whether all mechanically operated valves were seating. 

(6) Whether sparking plugs or valve caps leak. 

(c) Whether porcelains of sparking plugs are cracked. 

(d) Whether cooling water is circulating. 

(e) Whether clutch is slipping. 
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(/) Whether engine is getting sufficient lubrication. 
(g) Whether some evident loss of pulling power is due to engine or 
due to friction in some other portion of the chassis. (42.) 

2. Consider each of defects in question (1) except (b), (/), and the 
engine in (g) in turn and give likely causes for these defects after the 
chassis is once in order. (42.) 

3. Two samples of petrol have same density and calorific value. 
How would you proceed, without actually using them in an engine, 
to ascertain which is likely to be more serviceable for motor 
work. (42.) 

4. Describe with sketches the trough and sump system of engine 
lubrication, with a pump for feeding troughs. (42.) 

5. In an ordinary four-cylinder vertical engine the forces belonging 
to the fundamental or first period of vibration are balanced. Explain 
chief inertia forces which are not balanced and sketch diagrammati- 
cally a design of engine which is practically free from this defect, 
giving sufficient explanation to indicate just how defect has been 
eliminated. (42.) 

6. Epicyclic gear consists of sun wheel A with 24 teeth meshing 
with planet wheel B with 16 teeth and in which B meshes with a 
large internal toothed wheel C. Calculate number of teeth in C. 
Assume C is stationary. Calculate how many revolutions the planet 
case or arm will make while A is revolving once. (42.) 

7. Suppose each cell of an ordinary 4- volt accumulator contains 
two positions and three negative plates each 6 ins. x 4 ins. What 
charging current would you give it and for how long? Make a 
diagram of wiring for this accumulator to two side lamps and a tail 
lamp each containing a 4-volt Osram lamp consuming 1 ampere 
and giving 4 c.-p. and all controlled by one switch on dash-board. 
How long ought this battery to keep lamps alight ? (42.) 

8. Sketch H.T. Magneto and name the make. Show internal con- 
nections and external connections to a six-cylinder vertical engine to 
fire in correct order. Number the cylinders and distributor and name 
the other parts. (48.) 

9. Discuss relative advantages and disadvantages of slide valves, 
piston valves, and poppet valves in steam engines for road vehicles. 

10. Describe the construction of commutator of an electric motor. 
Why is the iron core built up with laminated plates. Illustrate with 
sketches what would take place if a solid core was used. (42.) 
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1910. 
Honours Grade. 

Drawing Examination. 

1. Draw two views of a centrifugal water circulating pump. (50 
marks.) 

2. Design and draw exhaust cam to give valve lift of £ in., the 
distance of highest portion of cam to be 1 in. from the centre of cam- 
shaft. Valve to commence lifting when crank pin is 40 degrees 
from outward dead centre and to close 5 degrees after crank pin 
has passed inner dead centre. (50.) 

3. Sketch lines of some well-known car with four-seated body with 
glass screen and cape cart hood up, but without lamps. Name the 
make. Drawing to be about 8 ins. long. (35.) 

4. Draw an external foot-brake, preferably of locomotive type 
suitable for an ordinary live-axle car where foot-brake is situated just 
behind gearbox. (50.) 



1911. 
Ordinary Grade. 
Instructions. 



All candidates must attempt Questions 1 and 2 and not more than 
five others. 

1. Show a complete wiring diagram for an ordinary four-cylinder 
vertical engine fitted with duplicate ignition (battery and H.T. magneto). 
If possible, use different coloured pencils or inks for wires carrying 
high and low- tension currents. (48 marks.) 

2. A single-cylinder car with the engine under the body has about 
7 feet of H.T. lead from the plug to the coil on the dash. If the 
insulation of this wire gradually perishes, what are the first symptoms 
you expect ? Describe how, when these symptoms are observed, you 
would proceed to # locate the fault exactly, and prove it to be due to a 
leak in the H.T. wire and nothing else. What other defects would 
give similar symptoms. (42.) 

3. Given a new 4-volt ignition accumulator or lead secondary 
battery (without any printed instructions) to fill with acid and charge 
for use, state what acid you would use, how you would dilute it, and 
to what density. If you find there are two negative plates and one 
positive plate each measuring 5 ins. by 4 ins. in each cell, what 
charging current would you give, and for how long? (42.) 

M.C.E. B E 
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4. Sketch carefully a section of a well-designed cheap piston, 
showing rings, gudgeon, small end of connecting rod and bush. 
Indicate with arrows the materials of which the parts are constructed. 

< 42 -> 

5. A car fitted with live axle and two universal joints in the pro- 
peller drive has a torque rod 4 feet long to prevent the axle case from 
rotating ; the car weighs 1 ton, and is climbing a hill of 1 in 7. 
Calculate the force (due to gradient only, neglecting road resistance, 
etc.) which the former end of the torque rod exerts on its support. 
Tyres 810 and 90 (254 mm. = 1 in.) (42.) 

6. Draw a modern locomotive type foot-brake suitable for the car 
described in Question 5. Show method of adjustment and means for 
preventing rubbing and rattling. (42.) 

7. Represent the motion of the crank pin by a circle about 3 ins. 
diameter, and indicate the direction of rotation with an arrow. Mark 
on this circle, for an ordinary four-stroke cycle engine, the dead 
centres and the positions of the crank pin when the inlet and exhaust 
valves should open and close, and when the magneto spark should 
occur for fully advanced and retarded ignition. Give the angle in 
degrees of each point from the nearest dead centre. (42.) 

8. Carefully draw two curves indicating the relation between pres- 
sure and volume when the engine piston is on its compression stroke. 
One curve should show the rise in pressure when the engine is pulled 
over compression very slowly by hand (isothermal compression) ; the 
second curve should represent the result of sudden compression 
(adiabatic). Insert a few figures of pressures and volume if possible. (42.) 

9. Sketch two kinds of boilers in use on steam motor road vehicles. 
Give the working pressures and blow-off pressures and approximate 
diameters and lengths of boiler tubes in each case. Name a 
manufacturer of each type. (42.) 



1911. 
Honours Grade. 



All candidates must attempt Questions 1 and 2 and not mo7 m e than 
Jive others. 

1. Show diagrammatically all the electrical connections for a 
duplicate ignition (battery and H.T. magneto), for a four-cylinder 
horizontal engine. A plan of the engine should be roughly represented 
to show the crankshaft and cylinders, Nos. 1 and 3 should be on one 
side of the crankshaft, and Nos. 2 and 4 on the other. If possible, 
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use different coloured pencils or inks for wires carrying high and low- 
tension currents. (42 marks.) 

2. A single- cylinder car with the engine under the body has about 
7 feet of H.T. lead from the plug to the coil on the dash. If the 
insulation of this wire gradually perishes, what are the first symptoms 
you expect ? Describe how, when these symptoms are observed, you 
would proceed to locate the fault exactly, and prove it to be due to a 
leak in the H.T. wire and nothing else. What other defects would 
give similar symptoms ? (42.) 

3. What is the chief fault of a simple " jet-in-tube " carburetter 
used for motor car work ? Sketch diagrammatically three carburetters 
(without float chambers) in common use, with different devices for 
overcoming or correcting this fault. One of these examples should 
have no moving parts sensitive to the suction of the engine. (42.) 

4. Calculate the brake horse-power actually developed by the engine 
of a small racing car under the following conditions. The car is 
climbing a gradient of 1 in 22 on its second speed (the third being direct 
drive) at 40 miles per hour, against a head wind of 20 miles per hour 
and a road resistance of 40 lbs. per ton. Weight of car, 25 cwt. 
Wind resistance on whole car at 20 miles per hour on a calm day, 
15 lbs. (48.) 

5. Draw a typical full-load indicator diagram about 3 in. long for 
a single-cylinder engine, 4-in. bore, 6-in. stroke, running at 1,000 
revolutions. Assume whatever figures are necessary, as if you had 
obtained them by measurement, and calculate the indicated horse- 
power. Explain, with assistance of sketches, how you would obtain 
a torque diagram or crank effort curve therefrom. (42.) 

6. Calculate one of the following : — 

(a) A £-in. diameter sample test piece cut from a 1 J-in. diameter 
round cardan shaft is found to break with a torque or twisting 
moment of 1,000 lb. ins. Using the formula : — Breaking torque 

T = -=^- / where / = the breaking shearing stress of the 

material in lbs. per square inch, what torque would cause the 
cardan shaft to fracture ? 

or, 

(b) It is found by experiment that the sudden application of 
the brakes will bring a certain car (on which the brakes are not 
very good) to rest in 15 feet when travelling at 10 miles per hour. 
Show, by a numerical example, how you would proceed to reduce 
the probable stopping distance at some higher speed. (42.) 

7. With the aid of clear sketches show the working of some system 

E E 2 
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of mechanical lubrication suitable for a four-cylinder vertical engine 
in which an oil-pump is used. (42.) 

8. Show by a sketch how the reversing of some steam car with 
which you are familiar is effected. Name the make. 

9. Describe briefly the battery you would use in an electric 
brougham or similar electric carriage, giving the total weight of 
battery, its output, the number of cells, and the size and number of 
plates in each cell. (42.) 



1911. 

Honours Grade. 

(Drawing Examination.) 



One sheet of special drawing paper is supplied to each candidate. 

Candidates may use ordinary drawing instruments, but sketches only, 
not scale drawings are required. The dimensions of parts drawn should 
be judged by the eye, and need not be inserted. Marks will be awarded 
for correct proportion. 

Only three questions to be attempted. 

1. Draw the box, shafts, gears, operating mechanism and bearings 
in position for an ordinary gate change three-speed box, giving a 
direct drive on the top. Shafts, 4-in. centres ; scale, about half full 
size. (50 marks.) 

2. Plot a curve showing the position of the piston for any angular 
position of the crank pin, using the following scales : — Stroke of 
piston 3 ins., represented as ordinates, and positions of crank pin, 
6 ins. = 360 degrees, as abscissae (horizontally), (a) For an infinitely 
long connecting rod, (b) for a 6-in. connecting rod. Plot both curves on 
the same diagram (b) as a dotted line. A 6-in rod has been chosen 
to demonstrate the effect of a short connecting rod on the motion of 
the piston. (50.) 

3. Draw a sectional view of a steering gear and box at the base of 
the column, showing methods of adjustment for wear. (50.) 

4. Show, about half full size, a section taken right through one 
cylinder and base chamber of a four-cylinder vertical engine, 3-in. bore 
and 5-in, stroke, with opposite valves. (35.) 
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THE FOLLOWING TABLES ARE TAKEN FROM THE 
PAPER, " THE THERMAL AND COMBUSTION 
EFFICIENCY OF A FOUR CYLINDER PETROL 
MOTOR," BY W. WATSON, D.Sc, F.R.S. 1 

Densities and Coefficients of Expansion. 
(Densities in grms. per cc, i.e., in terms of water at 4" C.) 



Petrol. 


Density at 
5' C. 


Den sit vat 


Density at Mean 
•2. r i C. Expans 

•675 


Coefficient of 
ion (a) at 15 ' C. 


Bowley's Special 


•693 


•684 


00131 


Carless 


•714 


•704 


•695 


00131 


ExpreBS 


•714 


•707 


•700 


00100 


Koss .... 


•724 


•714 


•705 


00133 


Pratt (a) . 


•728 


•719 


•710 


00125 


Pratt (b) . 


•729 


•720 


•712 


00121 


Carburine . 


•730 


•720 


•712 


00121 


Shell (ordinary) 


•731 


•721 


•713 


00121 


Dynol 


•735 


•725 


•714 


00145 


Simcar Benzol . 


•770 


•762 


•753 


•00111 


•760 (Baillee) . 


•775 


•767 


•759 


00105 


•760 Shell . 


•775 


•767 


•759 


00105 


Coaline 


•855 
•640 


•846 
•630 


•836 
•620 


00109 


Pentane . 


00155 


Ilexane 


•689 


•680 


•671 


00133 


Heptane . 


•743 


•736 


•728 


00100 



The relation between change of density and temperature in very approxi- 
mately linear over the range 5° to 25°, i.e., if 

D t = density at t° C. 
Dis = density at 15° C. 
d t = <tn {1 _ a (*-15)}. 

1 Proceedings I.A.E., Volume III. 
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Vapouk Densities. 



Pntrol 


Vapour Donsity (Gnu. 

per c.c. at 0° C. and 

7flO mm ^ 


Relative Vapour Density. 






H = 2 


Air = 1 


Bowley's Special . 


•00395 


87*8 


3 05 


Carless 


•00402 


89*3 


3-11 


Express 


•00434 


96-4 


335 


Ross 


•00430 


95-7 


333 


Pratt (a) .... 


•00409 


910 


316 


Pratt (b) . 


•00414 


92 


320 


Carburine .... 


00424 


94-4 


3-28 


Shell (ordinary) 


•00423 


941 


327 


Dynol 


•00443 


98-5 


343 


Simcar Benzol 


00419 


933 


3*24 


•760 (Baillie) . 


•00425 


94-6 


3 29 


•760 Shell . . . . 


•00435 


967 


326 


Coaline 


•00428 


951 


331 


Pentane 


00325 


722 


2-51 


llexane . 


•00386 


85-7 


2*99 


Heptane . 


•00446 


99-2 


3 45 



The vapour density at 0° C. and 760 mm., given in this Table, is obtained 
by calculation on the assumption that the vapour behaves as a perfect gas, 
and could be cooled down to this extent without condensation. 



PHYSICAL PROPERTIES OF PETROL 



428 



Calorific Values (Lower). 





Density at 
15"C. 


Calories 
per grin. 


Calorific Value (Lower). 


Petrol. 


Calories 
per c.c. 
at 15 J C. 


B.T.U. 

I>er lb. 


B.T.U. 

per jfnll. 
atlO C. 


Bowley's Special 


•684 


10,660 


7,290 


19,190 


131,500 


Carless 


•704 


10,420 


7,340 


18,760 


132,300 


Express 


•707 


10,020 


7,080 


18,040 


127,600 


Boss . 


•714 


10,370 


7,400 


18,670 


133,600 


Pratt (a) . 


•719 


10,340 


7,430 


18,610 


134,100 


Pratt (b) . 


•720 


10,330 


7,440 


18,590 


134,200 


Carburine . 


•720 


10,380 


7,470 


18,680 


135,000 


Shell (Ordinary) . 


•721 


10,400 


7,500 


18,720 


135,300 


Dynol 


•725 


10,290 


7,460 


18,520 


134,600 


Siincar Benzol . 


•762 


9,490 


7,230 


17,080 


130,400 


•760 (Baillie) . 


•767 


10,300 


7,900 


18,540 


142,500 


•760 Shell . 


•767 


10,140 


7,780 


18,350 


140,300 


Coaline 


•846 


9,270 


7,840 


16,690 


141,500 


Pentane 


•630 


10,230 


6,450 


18,410 


116,300 


Hexane 


•680 


10,430 


7,090 


18,770 


127,900: 


Heptane 


•736 


10,400 


7,650 


18,720 


138,100 
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Viscosity. 



Petrol. 



Bowley's Special 

Carless . 

Express 

Boss 

Pratt . 

Carburine 

Shell (Ordinary) . 

Dynol . 

Simcar Benzol 

•760 (Baillie) 

•760 Shell . 

Coaline 

Hexane 



Density at 
15 n C. 



684 
704 
707 
714 
19 
720 
721 
725 
762 
767 
767 
846 
680 



T)v||A OOP 

Viscosity c.g.s. Unite, - j-, 



5°C. 


15" C. 


25" C. 


•00380 


•00352 


•00332 


•00406 


•00380 


00359 


•00445 


•00420 


•00398 


•00431 


•00404 


•00385 


•00445 


00420 


00398 


00450 


•00421 


•00400 


•00454 


•00421 


•00400 


•00486 


•00454 


•00430 


•00520 


•00482 


00454 


•00518 


•00485 


00475 


•00534 


•00498 


•00472 


00609 


•00572 


00539 


•00376 


00342 


•00319 



(a) The weight of a liquid of density A, which flows in t seconds through 
a fine tube of radius r cm. and length I cm. {I being great compared to r), 
when driven by a head H cm. of the liquid, is given by 

w ir 9 A» K+*t 
W= - 8*„ " 8nD " 

where rj is the viscosity of the liquid as above, and g is the acceleration of 

_„ cm. 
gravity = 981 — 2 

(b) The weight of a liquid of density A, which flows in t seconds through 
a fine tube of radius r cm. and length I cm. (/ being great compared to r), 
when forced by a pressure P dynes per square cm., is given by 

w = * P A r*t 
8/77 """ 
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Capillabitt. 



Petrol. 


Density at 
15" 1 C 


8urfacp Tension d >' nftH - 
cm. 






5°C. 


15° C. 


25° C. 


JBowley's Special . 




•684 


19-5 


188 


182 


Carless .... 




•704 


19-8 


194 


190 


Express 




•707 


20-4 


20-0 


19-6 


Bobs .... 




•744 


210 


204 


200 


Pratt . 




•719 


20-8 


20-2 


196 


Carburine 




•720 


21-0 


20*4 


198 


Shell (ordinary) 




•721 


213 


20*5 


200 


Dynol . 




•725 


217 


21-0 


20-3 


Simcar Benzol 




•762 


229 


22 4 


21-9 


•760 (Baillie) . 




•767 


235 


22-7 


220 


•760 Shell . 




•767 


23-6 


22-8 


220 


Coaline .... 




•846 


269 


26-1 


253 


Hexane. 




•680 


20-1 


19-5 


18-9 



The variation of surface tension with temperature is very approximately 
linear over the above range of temperature. 



426 MOTOR CAR ENGINEERING 



USEFUL CONSTANTS. 

1 Inch = 25-40 millimetres. 1 mm. = -03937 inch. 

1 Gallon = 1604 cubic foot = 10 lb. of water at 62° F. 

1 Knot = 6080 feet per hour = 1 Nautical mile per hour. 

Weight of 1 lb. in London = 445,000 dynes. 

One pound avoirdupois = 7000 grains = 453*6 grammes. 

1 Cubic foot of water weighs 62*3 lb. 

1 Cubic foot of air at 0° C. and 1 atmosphere, weighs *0807 lb. 

1 Cubic foot of Hydrogen at 0° C. and 1 atmosphere, weighs O0559 lb. 

1 Foot-pound = 1-3562 x 107 ergs. 

1 Horse-power-hour = 33000 x 60 foot-pounds. 

1 Electrical unit = 1000 watt-hours = 1*34 horse-power-hours. 

Joule's Equivalent to suit Regnault's H, is f ., __ '" ~ ., * ' 

° I ld93ft.-lb. = ICent. „ 

1 Horse-power = 33000 foot-pounds per minute = 746 watts. 

Volts x amperes = watts. 

1 Atmosphere = 14-7 lb. per square inch = 21161b. per square foot = 

760 mm. of mercury = 10° dynes per sq. cm. nearly. 
A column of water 23 feet high corresponds to a pressure of 1 lb. 

per sq. inch. 

Absolute temp. « = ^°C. + 273° or 0° F. + 461°. 

Regnault's H = 606-5 + -305 0° C. = 1082 + "305 0° F. 
p tt i-ow« ^ 479. 

log lQ p = 6-1007 — f — £ 

where log 10 B = 3-1812, log 10 C. = 5*0882. 

p is in pounds per sq. inch, t is absolute temperature Centigrade. 

u is the volume in cubic feet per pound of steam. 
7t = 31416. 

One radian = 57*30 degrees. 

To convert common into Napierian logarithms, multiply by 2*3026. 
The base of the Napierian logarithms is e = 2*7183. 
The value of g at London = 32182 feet per sec. per sec. 
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• 1 


1 


• 1 


3 


■ 1 


8 J 6 


, 


i 
8 


9 


1 


9 


8 v 


6 J 6 7 8 9 


10 


0000 


0043 


0086 


0128 


0170 


0212 
0607 


0263 


0294 


0384 


0374 


4 
4 


9 18 17 
8 12 16 


21 
20 

19 
19 


26 30 84 38 
24 28 82 37 


11 


0414 


0458 


0492 


0531 


0569 


0645 


0682 


0719 


0755 


4 

4 


8 12 16 
7 11 15 


23 27 81 86 
22 26 30 83 


12 


0792 


0828 


0864 


0899 


0934 


0969 


1004 


1088 


1072 


1106 


8 
3 


7 11 14 
7 10 14 


18 
17 | 

16! 
16 | 


21 25 28 32 
20 24 27 31 


13 


1139 


1173 


1206 


1239 


1271 


1303 


1885 


1367 


1899 


1430 


3 

3 


7 1 
7 ] 


10 13 
10 12 


20 23 26 30 
10 22 25 29 


14 


1461 


1492 


1523 


1553 
1847 


1584 


1614 


1644 


1673 


1703 


1782 


3 
3 



6 


9 12 
9 12 


15 
15 

i* i 

14 

14 
13 

13 

12 


18 21 24 28 
17 20 23 26 


15 


1761 


1790 


1818 


1875 


1903 


1931 


1959 


19S7 


2014 


3 
3 


6 
5 


9 11 
8 11 


17 20 23 26 
16 19 22 25 


16 


2041 


2068 


2095 


2122 


2148 


2176 


2201 


2227 
2480 


2253 


2279 


3 
3 


5 
5 


8 11 
8 10 


16 19 22 24 
15 18 21 23 


17 


2804 


2330 


2856 


2380 


2405 


2430 


2455 


2504 


2529 


3 
2 


6 

5 


8 10 
7 10 


15 18 20 23 

16 17 19 22 


18 


2553 


2577 


2601 


2625 


2648 


2672 


2695 


2718 


2742 


2705 


2 

2 


5 
6 


7 9 
7 9 

7 9 
6 8 


12 1 

11 | 


14 16 19 21 
14 10 18 21 


19 


2788 


2810 


2833 


285C 


2878 


2900 


2923 


2945 


2967 


29S9 


2 
2 


4 

4 


11 
11 

11 

10 

10 

9 

9 


13 10 18 20 
13 15 17 19 


20 


8010 


8032 


8054 


8076 


8096 


3118 


3139 

8345 
3541 
8720 
8.K)0 


3160 


3181 


3201 


2 


4 


6 8 

6 8 
8 
6 7 
5 7 


13 15 17 19 


21 
22 
S3 
24 


3*222 
3424 

3017 
3802 


3243 
3444 

3036 
3820 


8263 
3404 

8055 
3838 


3284 
34S3 
3074 
3*56 


3304 

3502 
3092 
3874 

4048 


8324 
8522 
8711 
3S92 


3805 
3500 
3747 
2927 


3385 
3570 
870*5 
3945 


3404 
3508 
3784 
3062 


2 
2 
2 
2 


4 
4 
4 
4 


12 14 16 18 
12 14 15 17 
11 13 15 17 
11 12 14 16 


28 


3979 


8997 


4014 

4183 
4346 
4502 
4054 


4031 


4065 

4232 
4393 

4548 
4608 


4082 


4000 

4205 
4425 
4570 
4728 


4116 


4133 


2 


8 


5 7 


9 


10 12 14 15 


26 
27 
28 
29 


4150 
4314 
4472 
4024 


4100 
4380 
44n7 
4039 


4200 
4302 
4518 
4009 


4216 
4378 
4533 
4083 


4249 
4409 
4504 
4713 


4281 
4440 
4504 
4742 


4208 
4450 
40(H) 
4767 


o 

2 
2 
1 


3 
3 
3 
3 


6 7 
5 6 
5 6 
4 6 


8 
8 
8 
7 


10 11 13 15 
11 13 14 
11 12 14 
10 12 13 


80 


4771 


47SO 


4800 


4S14 


4829 

4909 
5105 
5237 
53i 


4843 

4983 
5119 
5250 
5378 


4807 


4871 


4886 


4900 


1 


3 


4 6 


1 7 


10 11 13 


81 
32 
33 
£4 


4014 
5051 
5185 
5315 


4928 
5005 
5 IDS 
58 .'8 


4942 
6h"P 
521 1 
5340 


4055 
5002 
5224 
5358 


4007 
5132 
5203 
5301 


5011 
5145 
5276 
5403 


5024 
5159 
5289 
5410 


5038 
5172 
5302 
5428 


1 
1 
1 
1 


3 
3 
3 
3 


4 6 
4 6 
4 5 
4 5 


7 
7 
6 
6 

6 

6 
6 
6 
5 

5 

5 
5 
5 
5 

6 

5 
5 
4 
4 


8 10 11 12 
8 11 12 
8 10 12 
8 9 10 11 


38 


5441 


5453 


5405 

55S7 
5705 
5821 
5933 


5478 


5400 


5502 


5514 


5527 


5539 


5551 


I 


2 


4 6 


7 9 10 11 


36 
37 
38 
39 


5503 
5682 
6708 
f911 


5575 
5*5D4 
5S09 
5922 


5509 
5717 
5832 
5044 


5011 
5720 
5843 
5055 


5023 
5740 
5855 
5000 


.' 635 
5752 
5800 
5077 


5047 
5703 
5877 

5088 


5058 
5775 
5888 
5000 


5070 
5786 
6899 
0010 


1 
1 
1 
1 


2 
2 
2 
2 


4 5 
8 6 
8 6 
8 4 


7 8 10 11 
7 8 10 
7 8 9 10 
7 8 10 


40 


0021 


6031 


6042 


6053 


0004 


6075 


0085 


0090 


6107 


6117 


1 


2 


3 4 


8 9 10 


41 
42 
43 
44 


6128 
0232 
6335 
0435 


6138 
6248 
6345 
6444 


6149 
0253 
6355 
6454 


0100 
6203 
0305 
0404 


0170 
0274 
6375 
6474 


0180 
0284 
0385 
0484 


0101 
6294 
6395 
0403 


0201 
6304 
0405 
0503 


0212 
0314 
0415 
6513 

00 00 


0222 
6325 
0425 
0522 


1 
1 
1 
1 


2 
2 
2 
2 


3 4 
8 4 

8 4 
3 4 


(J 7 8 9 
6 7 8 9 
6 7 S 9 
6 7 8 9 


45 


0582 


6542 


6551 


0501 


0571 


6580 


6500 


0500 


6018 


1 


2 


3 4 


6 7 8 9 


46 
47 
48 
49 


6628 
0721 
68 J 2 
690.' 

moo 


6637 
6730 
0821 
fl«J 11 

OOOS 


6640 
6739 
0830 
C920 


0050 
0741) 
0830 
0028 


0005 

07 5S 

0848 

1 0037 


0076 
6707 
6857 
0040 


6084 
0770 
6806 
0055 

7042 


0003 

0785 
0875 
Ov04 


0702 
6704 

0884 
0072 

1 7050 


0712 
0803 
0S03 
0081 

7067 


1 
1 
I 
1 


2 
2 
2 
2 


8 4 

8 4 
8 4 
3 4 


6 7 7 8 
5 6 7 8 

5 6 7 8 

6 7 8 


50 


7007 

1 


| 7010 

1 


7024 


7033 


7050 


1 


2 


3 3 


4 

i 


5 6 7 8 



The copyright of that portion of the above table which Rives the logarithms of numlwrs from 1000 to 
2000 is the property of Messrs. Maomillan and Company, Limited, who, however, have authorised 
the ww of the form in any reprint published for educational purposes. 
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6 


1 


8 


8 


f 


6 


6 


7 


8 





128i'fl0780 


51 
tt 
88 
M 


7076 
7160 
7248 
7804 


7084 
7168 
7251 
7332 


7093 
7177 
7259 
7840 


7101 
7185 
7267 
7848 


7110 
7193 
7276 
7860 


7118 
7202 
7284 
7364 


7126 
7210 
7292 
7872 


7185 
7218 
7800 
7880 


7143 
7224 
7308 
7388 


7152 
7285 
7816 
7S96 


13 8 8 
12 2 8 
12 2 8 
12 2 3 


4 
4 
4 
4 


5 7 8 
5 77 
5 7 
5 7 


85 


7404 


7412 


7419 


7427 


7435 


7443 


7451 


7459 


7406 


7474 


12 2 3 


4 j 5 5 6 7 


65 

67 
68 

68 


7482 
7659 
7634 
7700 


7490 
7566 
7642 
7716 


7497 
7674 
7649 
7728 


7505 
7682 
7657 
7781 


7513 
7589 
7664 
7788 


7520 
7597 
7672 
7745 


7528 
7604 
7679 
7752 


7636 
7612 
7686 
7760 


7548 
7619 
7694 
7767 


7551 
7627 
7701 
7774 


12 2 3 
12 2 3 
112 3 
112 8 


4 
4 
4 

4 


5 5 7 

5 5 6 7 
4 5 6 7 
4 5 6 7 


66 


7782 


7789 


7796 


7803 


7810 


7818 


7825 


7832 


7889 


7846 


112 3 


4 

4 

8 

; 

8 


4 5 


61 
69 
68 
61 


7853 
7024 
7993 
8062 


7860 
7931 
8000 
8069 


7868 
7938 
8007 
8075 


7875 
7945 
8014 
8082 


7882 
7952 
8021 
8089 


7889 
7959 
8028 
8096 


7896 
7966 
8035 
8102 


7903 
7978 
8041 
8109 


7910 
7980 
8048 
8116 


7917 
7987 
8055 
8122 


112 8 
112 8 
112 8 
112 3 


4 5 6 
4 5 6 
4 5 5 
4 5 5 


68 


8129 


8136 


8142 


8149 


8156 


8162 


8169 


8176 


8182 


8189 


112 3 


8 

3 
8 
3 
8 

8 

3 
3 

8 
8 

8 

8 

3 
8 
3 

8 


4 5 5 


68 

67 
68 

60 


8195 
8261 
8825 

8888 


8202 
8267 
8381 
8395 


8209 
8274 
8338 
8401 


8215 
8280 
8344 
8407 


8222 
8287 
8351 
8414 


8228 
8293 
8357 
8420 


8285 
8299 
8363 
8426 


8241 
8806 
8870 
8433 


8248 
8312 
8876 
8439 


8254 
8319 
8382 
8445 


112 8 
112 3 
112 3 
112 2 


4 5 5 G 
4 5 5 
4 4 5 
4 4 5 


76 


8451 


8457 


8463 


8470 


8476 


8482 


fUAfi 


8494 


8500 


8506 


112 2 


4 4 5 


71 
76 
78 
71 


8513 
8573 
8633 
8692 


8519 
8579 
8639 
8698 


8525 
8685 
8645 
8704 


8531 
8591 
8051 
8710 


8587 
8597 
8657 
8716 


8543 
8603 
8663 
8722 


8549 
8609 
8669 
8727 


8565 
8615 
8675 
8733 


8561 
8621 
8681 
8739 


8567 
8627 
8686 
8746 


112 2 
112 2 
112 2 
112 2 


4 4 5 5 
4 4 5 5 
4 4 5 5 
4 4 5 6 


78 


8751 


8756 


8762 


8768 


8774 


8779 


8785 


8791 


8797 


8802 


112 2 


3 4 6 5 


76 
77 
76 
70 


8t08 
8805 
8921 
8970 


8814 
8871 
8927 
8982 


8820 
8876 
8982 
8987 


8825 
8882 
893S 
8993 


8831 
8887 
8943 
8998 


8887 
8893 
8049 
9004 


8842 
8899 
8954 
9009 


8848 
8904 
8960 
9015 


8854 
8910 
8965 
9020 


8859 
8915 
8971 
9025 


112 2 
112 2 
112 2 

112 2 


8 4 5 5 
8 4 4 5 
8 4 4 5 
3 4 4 5 


60 


9031 


9036 


9042 


9047 


9053 


9058 


9063 


9069 


9074 


0079 


112 2 


8 4 4 5 


81 
88 
88 
81 


9085 
9138 
9191 
9243 


9090 
9143 
9196 
9248 


9096 
9149 
9201 
9253 


9101 
9154 
0206 
9258 


9106 
9159 
9212 
9268 


9112 
9165 
9217 
9269 


9117 
9170 
9222 
9274 


9122 
9175 
9227 
9279 


9128 
9180 
9232 
9284 


9188 
9186 
9288 
9289 


112 2 
112 2 
112 2 
112 2 


8 
3 
8 
8 

3 

3 
2 
2 
2 


8 4 4 5 
8 4 4 5 
8 4 4 5 
8 4 4 5 


85 


9294 


9299 


9304 


0309 


9315 


9320 


9325 


9880 


9335 


0340 


112 2 


3 4 4 5 


86 

67 
88 

80 


9345 
9395 
9445 
9494 


9350 
9400 
9450 
9409 


9355 
9405 
9455 
9504 


9360 
9410 
9460 
0500 


9305 
9415 
9405 
9613 


9370 
9420 
9469 
9518 


9375 
9425 
9474 
9523 


9880 
9430 
9479 
9588 


9385 
9435 
9484 
9533 


9390 
9440 
9489 
9538 


112 2 
112 
112 
112 


3 4 4 5 
8 3 4 4 
3 3 4 4 
3 3 4 4 


00 


9642 


9547 


9552 


9557 


9562 


9566 


0571 


0576 


9581 


9586 


112 


2 

2 
2 
2 
2 

2 

2 
2 
2 
2 


8 3 4 4 


01 
08 

OS 
04 


9590 
9638 
9685 
9731 


9595 
9643 
9080 
9736 


9600 
9647 
9694 
0741 


9605 
9652 
9600 
0745 


9609 
9657 
9703 
9750 


9614 
9661 
9708 
9754 


9619 
9666 
9718 
9769 


9624 
9671 
9717 
9763 


9628 
9675 
9722 
9768 


9638 
9680 
9727 
9778 


112 
112 
112 
112 


8 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 4 4 


05 


9777 


9782 


9786 


0791 


9795 


9800 


9805 


9809 


9814 


9818 


112 


3 3 4 4 


05 
07 
05 
00 


0823 
0868 
9912 
9956 


9827 
9872 
9917 
9961 


0832 
9S77 
9921 
9965 


9836 
9881 
0026 
9969 


9S41 
9886 
9930 
9974 


9845 
9S90 
9934 
9978 


9850 
9894 
9939 
9988 


9854 
9899 
9943 
9987 


9859 
9903 
9948 
9991 


9863 
9908 
9952 
9996 


112 
112 
112 
112 


3 3 4 4 
3 3 4 4 
3 3 4 4 
3 3 3 4 
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1 


9 


8 


4 


8 


6 


7 


8 


9 


19 8 4 


8 

I 

1 
1 
1 
1 

1 

1 
1 
1 
1 

1 

2 

.2 

2 

2 

2 

2 
2 
2 
2 

2 

2 
2 
2 
2 


7 8 9 


■00 


1000 


1002 


1005 


1007 


1009 


1012 


1014 


1010 


1019 


1021 


11 


12 2 2 


•01 
•02 
-03 
•04 


1023 
1047 
1072 
109<i 


1026 
1050 
1074 
1099 


1028 
1052 
1076 
1102 


1030 
1054 
1079 
1104 


1033 
1057 
1081 

1107 


1035 
1059 
1084 
1109 


1038 
1062 
1086 
1112 


1040 
1064 
1089 
1114 


1042 
1067 
1091 
1117 


1045 
1069 
1094 
1119 


11 
11 
11 
111 


12 2 2 
12 2 2 
12 2 3 
2 2 2 2 


•05 


1122 


1125 


1127 


1130 


1132 


1135 


1138 


1140 


1148 


1146 


111 


2 2 2 2 


•08 

•07 
•06 

•09 


1148 
1175 
1202 
1230 


1151 
1178 
1205 
1233 


1153 
1180 
1208 
1236 


1156 
1183 
1211 
1289 


1159 
1186 
1213 
1242 


1161 
1189 
1216 
1245 


1161 
1191 
1219 
1247 


1167 
1194 
1222 
1250 


1169 
1197 
1225 
1253 


1172 
1199 
1227 
1256 


111 
111 
111 
111 


2 2 2 2 
2 2 2 2 
2 2 2 3 
2 2 2 3 


10 


1259 


1262 


1265 


1268 


1271 


1274 


1276 


1279 


1282 


1285 


111 


2 2 2 8 


11 

12 

13 

•14 


1288 
1318 
1349 
1380 


1291 
1321 
1352 
1384 


1294 
1324 
1355 
1387 


1297 
1827 
1358 
1390 


1800 
1330 
1861 
1303 


1803 
1834 
1365 
1396 


1306 
1337 
1368 
1400 


1309 
1340 
1371 
1403 


1312 
1348 
1374 
1406 


1315 
1846 
1877 
1409 


111 
111 
111 
111 


2 2 2 3 
2 2 2 8 
2 2 8 8 
2 2 3 8 


15 


1413 


1416 


1410 


1422 


1426 


1429 


1432 


1485 


1439 


1442 


111 


2 2 3 8 


16 

•17 

18 

•19 


14(5 
1479 
1514 
1549 


1449 
1483 
1517 
1552 


1452 
1486 
1521 
1556 


1455 
1480 
1524 
1660 


1459 
1493 
1528 
1563 


1462 
1496 
1531 
1567 


1466 
1500 
1535 
1570 


1469 
1503 

1538 
1674 


1472 
1507 
1542 
1578 


1476 
1510 
1646 
1581 


111 
111 
111 
111 


2 2 3 8 
2 2 3 3 
2 2 3 3 
2 8 8 8 


•90 


1585 


1589 


1592 


1696 


1600 


1603 


1607 


1611 


1614 


1618 


111 


2 8 8 8 


•91 
•29 
•93 
•94 


1622 
1660 
1698 
1738 


1626 
1663 
1702 
1742 


1629 
1667 
1706 
1746 


1633 
1671 
1710 
1750 


1637 
1675 
1714 
1754 


1641 
1679 
1718 
1768 


1644 
1688 
1722 
1762 


1648 
1687 
1726 
1766 


1662 
1690 
1780 
1770 


1656 
1694 
1784 
1774 


112 
112 
112 
112 


2 3 8 3 
2 3 3 8 
2 8 8 4 
2 8 8 4 


-28 


1778 


1782 


1786 


1791 


1795 


1709 


1808 


1807 


1811 


1816 


112 


2 


2 8 8 4 


-96 
•97 
•98 
•99 


1820 
1862 
1905 
1960 


1824 
1866 
1910 
1964 


1828 
1871 
1914 
1959 


1832 
1875 
1919 
1963 


1837 
1879 
1923 
1968 


1841 
1884 
1928 
1972 


1845 
1888 
1932 
1977 


1849 
1892 
1936 
1982 


1854 
1897 
1941 
1986 


1868 
1901 
1946 
1991 


112 
112 
112 
119 


2 
2 
2 
2 


8 8 8 4 
8 8 8 4 
8 8 4 4 
8 8 4 4 


-80 


1095 


2000 


2004 


2009 


9014 


2018 


2028 


2028 


2082 


2037 


112 


2 

2 
2 
2 
8 


3 8 4 4 


-81 
-82 
•33 
34 


2042 
2089 
2138 
2188 


2046 
2094 
2143 
2198 


2051 
2099 
2148 
2198 


2056 
2104 
2153 
2203 


2061 
2109 
2158 
2208 


2066 
2118 
2168 
2213 


2070 
2118 
2168 
2218 


9075 
2123 
2178 
2228 


2080 
2128 
2178 
2228 


2084 
2133 
2183 
2284 


119 
112 
112 
112 2 


8 8 4 4 
8 8 4 4 
8 8 4 4 
8 4 4 6 


-SB 


2289 


2244 


2249 


2254 


2259 


2265 


2270 


2276 


2280 


2986 


112 2 


8 


8 4 4 6 


36 
87 
•38 
•30 


2291 
2344 
2399 
2455 


2296 
2350 
2404 
2460 


2301 
2355 
2410 
2466 


2307 
2360 
2415 
2472 


2312 
2366 
2421 
2477 


2317 
2371 
2427 
2488 


2823 
2377 
2432 
2489 


2328 
2382 
2438 
2495 


2338 
2388 
2443 
2500 


2839 
2898 
2449 
2606 


112 2 
112 9 
119 9 
119 2 


8 
8 
8 
8 


8 4 4 6 
8 4 4 6 
3 4 4 6 
8 4 6 6 


•40 


2512 


2518 


2628 


2529 


2535 


2541 


2547 


2553 


2659 


2664 


119 9 


8 


4 4 6 6 


•41 
•49 
•43 
44 


2570 
2630 

2602 
275-1 


2670 
2636 
2C9S 
2761 


2i>82 
.2642 
2704 
2767 


2588 
2649 
2710 
2773 


2594 
2655 
2716 
2780 


2600 
2661 
2723 
2786 


2606 
2667 
2729 
2793 


2612 
2673 
2735 
2799 


2618 
2679 
2742 
2805 


2624 

2686 
2748 
2812 


119 2 
119 9 
112 8 
112 8 


8 
8 
8 
8 

3 

3 
3 

4 
4 


4 4 5 5 

4 4 5 6 
4 4 5 6 
4 4 5 6 


•45 


2818 

28S4 
21151 
3020 
3090 


2825 


2831 


2838 


2844 


2851 


2858 


2864 


2871 


2877 


112 8 


4 5 6 6 


'46 

•47 
48 
•49 


2891 
2058 
3027 
3097 


28!>7 
2005 
3034 
3105 


2004 
2972 
3041 
3112 


2911 
2979 
3048 
3119 


2917 
2985 
3055 
3126 


2024 
2:- 92 
3062 
3133 


2931 
$999 
3069 
3141 


2938 
3006 
3076 
3148 


2944 
3013 
3083 
8166 


112 3 
112 8 
112 8 

119 8 


4 5 5 6 
4 5 5 6 
4 5 6 6 
4 5 6 6 
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1 


2 


3 


4 


3 


6 


7 


8 9 


1 


2 


3 4 


• ! 

4 

4 
4 
4 
4 


6 7 8 9 


•M 


8162 


8170 


8177 


8184 


3192 


8199 


3206 


3214 3221 


8228 


1 


1 


2 3 


4 5 6 7 


51 
•92 
•53 
54 


82S6 
8311 
33*8 
8467 


8243 
8319 
8396 
8475 


8251 

3327 
8404 
8483 


8258 
3334 
8412 
3491 


3266 
3342 
3420 
3499 


8273 
3350 
8428 

3508 


3281 
3857 
3436 
3516 


8289 
8366 
3443 
3624 ; 


3296 
3373 
3451 
8632 


3304 
3381 
3459 
3540 


1 
1 
1 
1 


3 
3 

2 
2 


2 8 
2 8 
2 3 
2 8 


5 5 6 7 
5 5 6 7 
5 6 6 7 
5 6 6 7 


'55 


3548 


3666 


3565 


3578 


3681 


3589 


3597 


3606 t 3614 

I 


3622 


1 


2 


2 3 


4 

4 
4 
4 
5 

5 

5 
5 
5 
5 

5 

6 
6 
6 
6 

6 

6 
6 
6 
6 

7 

WW 

1 

7 
7 
7 

7 

8 
8 
8 
8 

8 

8 
9 
9 
9 

9 

9 
10 
10 
10 


5 6 7 7 


•5ft 

57 
•88 
59 


3631 
3715 
3802 
3890 


3639 
8724 
3811 
3899 


8648 
8733 
8819 
3908 


8656 
3741 
3828 
3917 


3664 
8750 
8837 
3926 


3673 
3758 
3846 
3936 


8681 
3767 
3855 
3945 


3690 
3776 
3864 
3954 


3698 
3784 
3878 
3963 


8707 
3793 
3882 

3972 


1 
1 
1 
1 


2 
2 
2 
2 


3 8 
3 8 
3 4 
3 4 


5 6 7 8 
5 6 7 S 
5 6 7 8 
5 6 7 8 


•60 


3981 


8990 


3999 


4009 


4018 


4027 


4036 


4046 


4056 


4064 


1 


2 


3 4 


6 6 7 8 


•51 

82 

•53 

•64 


4074 
4169 
4266 
4366 


4083 
4178 
4276 
4375 


4093 
4188 
4285 
4385 


4102 
4198 
4296 
4395 


4111 
4207 
4305 
4406 


4121 
4217 
4315 
4416 


4130 
4227 
4325 
4426 


4140 
4236 
4335 
4436 


4150 
4246 
4345 
4446 


4159 
4256 
4355 
4467 


1 
1 
1 
1 


2 
2 
2 
2 


3 4 
3 4 
3 4 
3 4 


6 7 8 9 
6 7 8 9 
6 7 8 9 
6 7 8 9 


•66 


4467 


4477 


4487 


4498 


4608 


4519 


4629 


4539 


4550 


4560 


1 


2 


3 4 


6 7 S 9 


•66 
•67 
•68 
•69 


4571 
4677 
4786 
4898 


4581 
4688 
4797 
4909 


4592 
4699 
480S 
4920 

5035 


4603 
4710 
4819 
4932 


4613 
4721 
4831 
4943 


4624 
4732 
4842 
4956 


4634 
4742 
4853 
4966 


4645 
4753 

4864 
4977 


4656 
4764 
4875 
4989 


46(57 
4776 
48S7 
6000 


1 
1 
1 
1 


2 
2 
2 
3 


3 4 
8 4 
8 4 
3 5 


6 7 9 in 

7 8 9 If. 
7 8 9 in 
7 8 9 10 


•70 


5012 


6023 


6047 


5058 


5070 


5082 


6093 


6105 


6117 


1 


2 


4 5 


7 8 9 11 


•71 
•72 
•73 
•7* 


6129 
6248 
5370 
5495 


5140 
6200 
5383 
6508 


5152 
6272 
6395 
6521 


5164 
6284 
6408 
6534 


6176 
6297 
6420 
5546 


5188 
5309 
5483 
5669 


6200 
6321 
5445 
5572 

5702 


6212 
5833 

6458 
5585 


6224 
6346 
5470 

5593 


623(5 
6358 
6483 
6610 


1 
1 
1 
1 


3 
2 
3 
3 


4 6 
4 5 
4 5 
4 5 


7 8 10 11 

7 9 10 11 

8 9 10 11 
8 9 10 12 


•75 


6623 


5636 


5649 


5662 


5676 


5689 

5*21 
5967 
6095 
6237 


5715 

5848 
6984 
6124 
6266 


5728 


6741 


1 


8 


4 5 


8 9 10 12 


•76 
•77 
•78 
•79 


5754 

5888 
6026 
6166 


5768 
5902 
6039 
6180 


5781 
6916 
6053 
0194 


5794 
5929 
60*57 
6209 


6808 
5943 
(5081 
6223 


5S34 
5970 
6109 
6252 


5801 
5998 
6138 
6281 


5875 
6012 
6152 
6295 


1 
1 
1 
1 


3 
3 
3 
3 


4 6 
4 5 
4 6 
4 6 


8 9 11 12 
8 10 11 12 

8 10 11 13 

9 10 11 13 


•80 


6310 


6324 


6339 


6353 


6368 


6383 

6531 
6683 
(5839 
6998 


6397 


6412 


6427 


6442 


1 


3 


4 6 


9 10 12 13 


•81 
•82 
•83 
U 


6457 

0607 
6701 
6918 


6471 
6622 
6776 
6934 


6486 
6637 
6792 
6950 


(5501 
6653 
6808 
6966 

7129 

7295 
7464 
7638 
7816 


6516 
<5(,6S 
6823 
6982 


6546 
6699 
6855 
7015 


6561 
6714 
6871 
7031 


6577 
6730 

6887 
7047 


6592 
6745 
6902 
7063 


2 
2 
2 
2 


3 
3 
3 
3 


5 6 
5 6 
5 6 
5 6 


9 11 12 14 

9 11 12 14 

9 11 13 14 

10 11 13 15 


•89 


7079 


7096 


7112 


7145 


7161 


j 7178 

7345 
7516 
7691 
7870 


7194 


7211 


7228 


2 


3 


6 7 


10 12 13 15 


•86 
•87 
•88 
•89 


7244 
7413 
768(5 
7762 


7261 
7430 
7603 
7780 


727S 
7447 
7621 
7798 

7980 

8160 
8356 
8551 
8750 


7311 
7482 
7656 
7S34 


7828 
7499 
7674 
7852 


7362 
7534 
7709 
7889 


7379 
7551 
7727 
7907 


7396 
7568 
7745 
7925 


2 
2 
2 
2 


3 
3 

4 
4 


5 7 
5 7 
5 7 
5 7 


10 12 13 15 

10 12 H 13 

11 12 14 16 
11 13 14 16 


•90 


7943 


7962 


7998 


j 8017 


8035 


8054 


8072 


8091 


8110 


2 


4 


6 7 


! 11 13 15 17 


•91 
•92 
•93 
•94 


8128 
8318 
8511 
8710 


8147 
8337 
8531 
8730 


SI 85 
8375 
8570 
87 70 


8204 
8395 
85! H) 
8790 


8222 
8414 
8610 
8810 


8241 
8433 
8630 
8831 


| 8260 

, 8453 

8650 

8851 


8279 
8472 
8670 
8872 


8299 
8492 
8690 
8892 


2 
2 
2 
2 


4 

4 
4 
4 


6 8 
8 
6 8 
6 8 


1 11 13 15 17 

12 14 15 17 

; 12 14 16 18 

j 12 14 16 18 


•95 


8913 


8933 


895* 


8974 


8995 


9016 


9036 


| 9057 


9078 


9099 


2 


4 


6 8 


10 

11 
11 
11 
11 


12 15 17 19 


•96 
■97 
•98 
•99 


9120 
9333 
9550 
9772 


9141 
9354 
9572 
9795 


9162 
9376 
9594 
9b 17 


9183 
9397 
9616 
9840 


9204 
9419 
963S 

9863 


9226 
9441 
9661 
9886 


9247 
9462 
96S3 
9908 


9268 
9484 
9705 
9931 


9290 
9506 
9727 
9954 


9311 
9528 
9750 
9977 


3 

2 
2 
2 


4 
4 
4 
5 


6 8 

7 9 
7 9 
7 9 


i 13 15 17 19 

1 18 15 17 20 

13 16 18 20 

! 14 16 18 20 



MATHEMATICAL TABLES 



481 



Angle. 


Chord. 


Sine. 


Tangent. 


Co-Undent. 


Cosine. 








De- 
green. 


Radians. 




0° 1 











00 


1 


1*414 


1*5708 


90° 


1 
2 
3 

4 


•0175 
•0349 
■0524 
•0098 


•017 
•035 
•052 
•070 


•0175 
•0319 
•0523 
•0)98 


•0175 
•0349 
•0524 
•0099 


67-2900 
2S-6303 
19 0811 
14 3007 


•9998 
•9994 
•9986 
•9976 


1-402 
1-3S9 
1-377 
1304 


1*5533 
1*5359 
1-5184 
1-5010 


89 
88 
87 
86 


5 


•0873 1 


•0S7 


•0S72 


•0875 


11-4301 


•9962 


1-351 


1-4835 


85 


6 
7 
8 
9 


•1047 
•1*222 
•1396 
•1571 


•105 
•122 
•140 
•157 


•1015 
•1219 
•1392 
•1564 


•1051 
•1228 
•1405 
•1584 


9 5144 
8-1443 
7*1154 
6-3138 


•9945 
•9925 
•9903 

•9877 


1-338 
1-325 
1*312 
1-299 


1-4001 
14486 
1-4312 
14187 


84 
83 
82 
81 


10 


•1745 


•174 


•1736 


1763 


56713 

51446 
4-7040 
43315 
4*0108 


•9848 


1-288 


1*3903 


80 


11 

12 
13 
14 


•1020 
•2094 
•22159 
•2443 


•192 
•209 
•226 
•244 


•1908 
•2079 
•2250 
•2419 


•1944 
•2126 
•2309 
•2493 


•9816 
•9781 
•9744 
•9703 

•9659 

•9613 
•9563 
•9511 
•9456 


1-272 
1-259 
1*245 
1-231 


1-3788 
1-3*314 
1-3439 
1*3265 


79 
78 
77 
76 


15 


•2618 


•201 


•2588 


•2079 


3*7321 


1-218 


1-3090 


75 


16 
17 
18 
19 


•2793 
•2907 
•3142 
•3316 


•278 
-290 
•313 
•330 


•2756 

•2924 

■3090 

3256 


•2867 
•3057 
•32*9 
•3443 


3*4874 
32709 
8*0777 
2-9012 


1-204 
1190 
1176 
1-161 


1 -2915 
1-2741 
1-2506 
1*2392 


74 
73 
72 
71 


20 


•3491 


•347 


•3420 


•3040 

•3819 
•4010 
•4245 
•4452 


2 7475 


•9397 

•9336 
•9272 
•9205 
•9135 


1-147 


1*2217 


70 


21 
22 
23 
24 


•3665 
•3840 
•4014 
-4189 


■364 
•382 
•390 
•416 


•35S4 
•3746 
•3907 
■4007 


2-6051 
2-4751 
2 3559 
2-2400 


1-133 
1118 
1-104 
1-089 


1-2043 
1-1808 
1-1094 
1-1519 


69 
68 
67 
66 


25 


•4363 


•433 


•4226 


•4003 


2-1445 


•9063 


1-075 


11345 


65 


26 

27 
28 
29 


•4533 
•4712 
•4887 
•5061 


•460 
•407 
•484 
•501 


•4384 

•4540 
•4095 
•4848 


•4877 
•6095 
•5317 
•5543 


2-0503 
1-9020 
1 \SX07 
1-8040 


•8988 
•8910 
•8829 
•8746 


1*000 
1045 
1-030 
1-015 


1-1170 
1*0990 
1-0821 
1*0047 


64 
63 
62 
61 


80 


•5236 


•518 


•5000 


•5774 


1*7321 


•8660 


1-000 


1*0172 


60 


31 
32 
33 
84 


•5411 
•55K5 
•5760 
■5934 


•534 
•551 
■568 
■585 


•5150 
•5299 
•5440 
■5592 


•6009 
•0249 
•0494 
•6745 


1 -0043 
1-600.1 
1 -53!>9 
1-4820 


•8572 
•84S0 
•8387 
•8290 

•8192 


•9S5 
•970 
•954 
•939 


1-0297 
1-0123 

•9948 
•9774 


59 
58 
57 
66 


35 


•6109 


•601 


•5736 


•7002 


1-4281 

1-3764 
1-3270 
1-2799 
1-2349 


•923 


•9599 


55 


36 
87 
38 
39 


•6283 
■6458 
■6632 
•0307 


•618 
■635 
•651 
•603 


•5878 
•6018 
•6157 
•6293 


•7205 
•7536 
•7813 
•8098 


•8090 
•7986 
•7SS0 
•7771 


•908 

•892 

•877 

' -801 


•9425 
•9250 
•9070 
•8901 


54 
63 
52 

51 


40 


•6981 


•684 


•6428 


•8391 


1-1918 


•7000 


•845 


•8727 


60 


41 
42 
43 
44 


•7156 
•7330 
•7505 
•7670 


•700 
•717 
•733 
•749 


•6561 
•6/.91 
•0820 
•0947 


•8693 
•9004 
•9325 
•9657 


1-1504 
1*1 106 
1-0724 
1-0355 


•7547 
•7431 
•7314 
•7193 


•829 
•813 
•797 
•781 


•8552 
•8378 
•8203 

"8029 


49 
48 
47 
46 


45° 


•7854 


•765 


•7071 


1-0000 


1 0000 


•7071 


•705 


•7854 


46° 








Cosine. 


Co-tangent. 


Tangent. 


Sine. 


Chord. 


Radians. 


De- 
grees. 




Angle. 



INDEX 

The numbers refer to pages. 



tt 



it 



»» 



»» 



Absolute temperature, 94 
Acceleration of reciprocating parts, 

215 
Accumulators, 130 — 136 

capacity, 132, 394 
charging of, 131—133 
chemical action, 131 
construction, 130 
Acetylene, 66 
Adiabatic expansion, 96 — 98 

., „ temperature in, 

100 
Adjustment of carburetter, 80 
Air, constituents of, 55 
„ cooling, 203, 204 
„ proportions of, 50, 56 
„ required for combustion, 54, 56 
,, standard of efficiency, 124 
Alcohol, 60 
Alkoethine, 67 

Arrangement of valves, 31, 32 
Automatic advance and retard, 171 
Axle casings, 283—286 
„ front, 342, 343 
„ live, 273—275, 283—286 

Baillee's test apparatus, 47 — 50 
Balance, 26, 27 
Bali bearings, 321—323 
Battery ignition, 141, 142 
Benzol, 64—66 
Bevel gearing, 279 
Bingham engine, 39, 40 
Boilers, flash, 376 

Stanley, 382 

tubular, 375, 376 

Turner, 387 

White, 377 
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Boiling point, 51, 348 
Boyle's law, 94, 95 
Brake horse-power, 109 — 114 
Brakes, 234—249 

clutch, 229 

electrical, 112 — 114 

external, 241, 242 

front wheel, 243—249 

internal, 239 

rope, 109 
Brown & Barlow carburetter, 89 
Burning test, 307 

springs, 336 

Calorific value, 52 

Calorimeter, Darling's, 53 

Carburation, 74—80 

Carburetter, function of, 69 

types of, 69 

Brown & Barlow, 89 

Olaudel-IIobson, 83 

Lanchester, 82 

Longuemare, 87 

Polyrhoe, 90 

Scott-Bobinson, 85 

Trier & Martin, 88 

Centrifugal pumps, 205 

Chain drives, 271 273 

Change speed gears, 251 

Characteristics of series, shunt and 
compound wound motors, 396 — 398 

Charles' law, 94, 95 

Chassis requirements, 325, 326 

Circulating pumps, 205- 207 

Claudel-Ilobson carburetter, 83 

Clutches, cone, 222 

disc, 227—234 
double cone, 223 
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Clutches, expanding, 224 

„ plate, 225 

„ reversed cone, 223 
Coil-trembler, 138—140 
Cold test, 306 
Combustion, 100—102 

air required for, 54 
chamber, 31, 32, 35 
Commutators, 142—145 
Composition of exhaust, 81, 82 
Compound engines, 357 
Compression, 98—100, 352, 353 
Condensers, 140, 141, 356, 373 
Connecting rods, 21, 23 
Control systems, 197 
Controllers, 399 
Cooling, Chap. XIII. 
air, 203 
water, 204 
Cooper engine, 12 
Coupling for flywheel, 27 
Crank effort, Chap. XIV. 
Crankshafts, 23, 25 
Cranks, arrangement of, 26, 27 

„ sequence of, 25 
Cross springs, 335, 336 
Current, generation of, 156, 157 
Cylinders, 28, 29 

Dead axles, 342, 343 
Desaxe engines, 13 
Differential gear, 276, 277 
Direct drive in gearbox, 255 
Disc clutches, 227—234 
Dissociation. 101 
Distributors, 145, 146 
Dry cells, 128, 129 
Dual systems, 172—186 
Duplex ignition, 186—192 
Dynamometers, 110—113 

Effective pressure, 107, 108 
Efficiency, air standard, 124 
„ combustion, 120 

ideal 123, 124 
mechanical, 124 
relative, 124 
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Efficiency, thermal, 121 
Effort, crank, 218 

„ tractive, 116, 117 
Electric car, Chap. XXIV. 

ignition, Chaps. X., XL 

motor, 394—398 
Electrolysis, 128 
Electromotive force, 127 
En-bloc systems, 14 
Engine control systems, Chap. XII. 
Equivalent twisting moment, 217 
Exhaust, composition of, 81, 82 
Expanding brakes, 241, 242 
Expansion, 96—100, 355, 361 
Explosion, 100—102 

Fans, 210, 211 
Feed-heaters, 357, 358 
Fixed ignition, 197 
Flash boilers, 376 
Flash-point apparatus, 305 
Flexibility, 14, 36, 74 
Float feed, 71 
Floats, 70 

Fluctuation of energy, 219 
Flywheel, 27, 212, 219 
Forced lubrication, 312—315 
Four-stroke cycle, 5 
Framing, 326—333 
Front axle, 342, 343 
Fuel systems, 72, 73 

Gas, exhaust, 81, 82 
Gate change, 260—265 
Gearbox, necessity for, 251 
Gearing, number of speeds, 251 — 255 
Gears, Chapter XVI. 

epicyclic, 266—268 

types of, 256—260 
Generation of current, 156, 157 
Governors, 194, 195 
Gudgeon pin — how secured, 20 

Heat of combustion, 100—102 

specific, 93, 99 

units of, 93 
Hewitt engine, 41 
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High-tension current, 136, 137 

,, magnetos, 162—192 

Hopkinson flash-light indicator, 
105—107 

Horse-power, Chapter VIII. 
brake, 109 
indicated, 103 
road wheels, 117, 118 
B.A.C. rating, 114—116 

Hyperbolic expansion, 96, 97 
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Ideal efficiency, 123, 124 
Ignition, Chapters X., XI. 

,, coil and accumulator, 141 
— 146 
dual, 172—186 
duplex, 186—192 
high-tension, 137, 162-192 
low-tension, 167, 158 
magnetic, 158 — 162 
Indicated horse-power, 103 
Indicators, diagrams from, 98 — 103 
Dobbie Mclnnes, 104, 105 
Hopkinson, 105—107 
types of, 104 
Induction coil, 138 — 140 

pipes, shape of, 80 
stroke, 5 
Inertia of reciprocating parts, 214 — 

216 
Internal brakes, 239 
Isothermal expansion, 96, 97 

Jackets, 29 

Jet carburetters, 63, 83 — 92 
Joule's equivalent, 95 
Joy's valve gear, 366—368 

Kerosene, 59 

Kinetic energy, 219, 234, 235 
Klein's construction, 215, 216 
Knight engine, 37 — 39 

Lanchester carburetter, 82 
Lenz's law, 141 
Live axle, 273—275 
Lodge igniter, 149 — 152 
Longuemare carburetter, 87 
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Low -tension current, 136, 137 
Lubricants, Chapter XIX. 

„ for gearbox, 309, 310 

Lubricating oils, 301 

„ action of, 302 

„ requirements for, 
303—305 
Lubrication for chassis, 310 

systems, 310—320 

Magnetic field, 139, 140, 156, 157 
igniters, 158 

„ Bosch, 159—162 
Magneto construction, 154 — 156 

„ ignition, Chapter XI. 
Magnetos, Bosch, 164—166, 174—177 
C.A.V., 184—186 
„ Eisemann, 170—172 

Fuller, 162—16*, 173, 174 
Hall, 179—183 
high-tension, 162—192 
low -tension, 157 — 159 
„ Mea, 166—168 
Simms, 178, 179 
speed of, 155 
Mass, 215 
Materials used in car construction, 

402, 403 
Mean effective pressuie, 107, 108 
Mechanical efficiency, 124 
Methylated spirit, 61 
Mixture of air and petrol, 79 
Multiple disc clutches, 227—234 

Naphtha, Scotch shale, 66 
Needle valve, 71 
Non-trembler coils, 144 

Ohm's law, 127 
Oil pumps, 320 
Order of firing, 1-49 
Otto cycle, 5—7 
Overheating, 202, 203 

Paraffin, 59 
Petrol, Chapter IV. 

,, composition of, 46 
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Petrol, physical properties, 44, 421, 
425 

,, source and distillation, 45 
Piston velocity, 214 
Pistons, 16—20 
Plugs, sparking, 147, 148 
Polarisation, 129 
Polyrhde carburetter, 90 
Position of carburetter, 71, 72 

„ „ valves, 28, 31, 32 
Pressed steel framing, 326, 327 

„ „ pistons, 20 
Primary winding, 138, 139, 156, 157 
Propeller shaft, 273—277 
Pumps, oQ, 320, 321 

„ water, 205—208 

Radiators, 208, 209 

„ position of, 209, 210 

Radius rods, 341, 342 
Rating, E.A.C., 114-116 
Ratio, compression, 30, 100, 123, 124 
„ gear, 252— 255 
,, of expansion, 354 
Requirements fulfilled by good brake, 

236 
>> by good clutch, 

221, 222 
„ by good fuel, 

58 
„ by good oil, 
303 -305 
Resistance of a conductor, 127 
gradient, 117 
road, 116, 117 
wind, 117 
Roller bearings, 323 
R.A.C. rating, 114-116 

Saturated steam, 349 
Saturation of a medium, 79 
Scott-Robinson carburetter, 85 
Secondary winding, 138, 139, 156, 157 
Sensible heat, 348 
Shock absorbers, 337—340 
Sparking plugs, 147, 148 
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Specific gravity, 50 

„ heat, 93 
Splash lubrication, 310, 311 
Springs, 333—337 
Stanley boiler and burner, 382 — 384 

engine, 370 

pipe diagram, 385 — 387 
Steam engine cycle, 351, 353 
Steering axles and pivots, 292 — 294 
columns, 294 — 298 

connections, 298 — 300 

Stephenson's link motion, 365, 366 

Superheated steam, 350, 351 

,, ,, object of using, 

354—356 

Suspension of engine and gearbox, 

332, 333 

,, „ motors, 393 

Tappets, 32—35 

Teeth of wheels, 268 

Temperature in adiabatic expan- 
sion, 100 

Thermal efficiency, 121—124 

Thermosyphon cooling, 20 k 

Thrust bearings, 323 

Timing of valves, 33 — 35 

Torque rods and tubes, 340, 341 

Total heat of steam, 349 . 

Transmission gear, Chapter XVII. 

Trembler coil, 138—140 

Trier & Martin carburetter, 88 

Trough lubrication, 312 

Tubular boilers, 375, 376 

Turner boiler and burner, 387, 388 
„ engine, 370—373 
„ pipe diagram, 389, 390 

Two-stroke cycle, 7 

Types of clutches, 222, 223 

Uxrrs of heat, 93 
Universal joints, 275, 276 

Valve arrangements, 31, 32 

„ gears for steam engine, 36o 
„ setting, 33 

Valveless engine, 8 
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Valves, 29—31 

sleeve, piston, and rotary, 35 

tappets, 33 
Vapour pressures, 77 
Vibration, 20, 35 
Viscometer, Bedwood's, 309 
Viscosity, 307 
Volatility test, Baillee's, 48—50 



Water cooling, 204 

Wheels, 343—345 

White boiler and burner, 377 — 379 
engine, 368—370 
pipe diagram, 379 — .382 

Wiring, 141, 142 

Worm-drive, 279—283 

Worms, shape of, 282 
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